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assembled, and by the authority of the same, <m follows: 

Section 1. Joseph Henry of Washington, Benjamin Pierce of Cam- 
bridge, James D. Dana of New Haven, James Hall of Albany, Alexis 
Caswell of Providence, Stephen Alexander of Princeton, Isaac Lea of 
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OONSTITTJTIOlSr. 

« 

OF T^ 

AFRICAN ASSOCIATION FOR THE ADVANCEMENT 

OF SCIENCE. 

Incorporated by Act of the General Court of the Commonwealth of Massachusetts. 



Objects. 

Article 1. The objects of the Association are, by periodical and mi- 
gratory meetings, to promote intercourse between those wh^ are culti- 
vating science in diflferent parts of America, to give a stronger and more 
general impulse and more systematic direction to scientific research, and 
to procure for the labors of scientific men increased facilities and a wider 
usefulness. 

Members, Fellows, Patrons and Honorary Fellows. 

Art. 2. The Association shall consist of Members, Fellows, Patrons 
and Honorary Fellows. 

Art, 3. Any person may become a Member of the Association upon 
• recommendation in writing by two members or fellows, nomination by 
the Standing Committee, and election by a majority of the members and 
fellows present in general session. 

Art. 4. Fellows shall be nominated by the Standing Committee ftom 
such of the members as are professionally engaged in science,, or have by 
their labors aided in advancing science. The election of fellows shall be 
by ballot and a majority vote of the members and fellows present in gen- 
eral session. But all persons who may be members at the ^tlme of the 
adoption of this constitution may become fellows by signifying their 
desire to this efffect bfefore the first day of August, 1875. 

Art. 5. Any person paying to the Association the sum of one thousand 
dollars shall be classed as a Patron, and shall be entitled to all the 
privileges of a member and to all its publications. 

A. A. A. s. vol. xxy. B« (xvii) 
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CONSTITUTION 



Art. 6. Honorary Fellows of the Association, to the number of ten for 
each section/ may be elected; the nominations to be made by the Stand- 
ing Committee and approved by ballot in the respective sections before 
election by ballot in general session. Honorary Fellows shall be entitled 
to all the privfleges of fellows and shall be exempt from all fees and as- 
sessments, and entitled to all publications of the Association issued after 
the date of their election. , 

Art. 7. The name of any member or fellow two years in arrears for 

annual dues shall be erased from the list of the Association, provided that 

•two notices of indebtedness, at an interval of at least three months, shall 

have been given ; and no such person shall be restored until he has paid 

his arrearages or has been reelected. 

Art. 8. No member or fellow shall take part in the organization or 
business of both sections at the same meeting. 



Officers. 

Art. 9. The Oflficers of the Association shall be elected by ballot in * 
general session from the fellows and shall consist of a President, two 
Vice Presidents, a General Secretary, a Permanent Secretary, a Treas- 
urer, a Secretary of Section A, and-a Secretary of Section B ; these, with 
the exception of the Permanent Secretary, shall be elected at each meet- 
ing for the following one, and, with the exception of the Treasurer and 
the Permanent Secretary, shall not be regligible for the next two meet- 
ings. The Permanent Secretary shall be elected at each fifth meeting. 

Art. 10. The President, or, in his absence, one of the Vice Presidents, 
shall preside at all general sessions of the Association and at all meetings 
of the Standing Committee. It shall also be the duty of the President to 
.give an address at a general session of the Association at the meeting * 
following that over which he presided. 

Art. 11. The Vice Presidents shall be the presiding officers of Sections 
A and B, and of the Sectional Committees, and it shall be part of their 
duty to give an address, each before his respective section, at such time 
as the section shall determine. The Vice Presidents may request their 
respective sections to appoint temporary chairmen to preside over the 
sessions of the sections, but shall not delegate their other duties. 

Art. 12. The General Secretary shall be the Secretary of all general 
sessions of the Association, and of all sessions of the Standing Com- 
XQittee, and shall keep a record of the business of these sessions. He 
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shall receive, the records from the Secretaries of the Sections, which, 
• after examination, he shall transmit with his own records to the Perma- 
nent Secretary within two weeks after the adjournment of the meeting. 
He shall receive proposals for membership and bring them before the 
Standing Committee. He shall give to the Secretary of each Section the 
list of papers assigned to it by the Standing Committee. 

Art. 13. The Permanent Secretary shall be the executive officer of the 
Association under the direction of the Standing Committee. He shall 
attend to all business npt specially referred to committee^ nor otherwise 
constitutionally provided for. He shall keep an accdunt of fill business 
that he has transacted for the Association, and make annually at the first 
meeting of the Standing Committee, a report which sl^U be laid before 
the Association. He shall attend to the printing and distribution of the 
annual volume of Proceedings,. and all other printing ordered by the As- 
sociation. He shall issue a circular of infoftnation to members and 
fellows at least four months before each meeting, and shall. In connection 
with the Local Committee, make all necessary arrangements for the 
meetings of the Association. He shall provide the Secretaries of the 
Association with such books and stationery as may be required for their 
records and business, and shall provide members and fellows with such 
blank forms as may be required for facilitating the business of the Asso- 
ciation. He shall collect all assessments and admission fees, and notify 
members and fellows of their election, and of any arrearages. He shall 
receive, and bring before the Standing Committee, the titles and abstracts 
of papers proposed to be read before the Association. He shall keep an 
account of all receipts and expenditures of the Association, and report 
the same annually at the first meetfng» of the Standing Committee, and, 
at the close of each year, shall pay over to the Treasurer such unexpended 
ftinds as the Standing Committee may direct. He shall receive and hold 
In trust for the Association all books, pamphlets and manuscripts be- 
longing to the Association, and allow the use of the same under the pro- 
visions of the Constitution and the orders of the Standing Committee. 
He shall receive all communications addressed to the Association during 
the interval between meetings, and properly attend to the same. Ho 
shall at each meeting report the names of fellows and members who 
have died since the preceding meeting. He shall be allowed a salary 
which shall be determined by the Standing Committee, and may employ a 
clerk at such compensation as may be. agreed upon by the Standing Com- 
mittee. 
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Abt. 14. The Treasurer shall invest the ftinds received by him in sach 
securities as may be directed by the Standing Committee. He shall 
annually present to the Standing Committee an account of the funds in 
his charge. No expenditure of the principal in the hands of the Treas- 
urer shall be made without a unanimous vote of the Standing Committee, 
and no expenditure of the income received by the Treasurer shall be 
made without a two-thirds vote of the Standing Committee. 

Art. 15. The Secretaries of Sections A and B shall keep the records 
of their respective sections, and, at the close of the meeting, give the 
same, including the records of subsections, to the General Secretary. 
They shall also be the secretaries of the sectional committees. 

Art. 16. In case of a vacancy in the office of the President, one of the 
Vice Presidents shall be elected by the Standing Committee as the Presi- 
dent of the meeting. Vacancies in the offices of Vice President, General 
Secretary, Permanent Secretary an^ Treasurer, shall be filled by nomina- 
tion of the Standing Committee and election by ballot in general session, 
A vacancy in the office of Secretary of a Section shall be filled by nomi- 
natipn and election by ballot in the section. 

Art. 17. The Standing Committee shall consist of the past Presidents, 
the President, the Vice Presidents, the four Secretaries, the Treasurer, 
with the above named officers of the preceding meeting, and six fellows 
elected by ballot after open nomination at the first general session. The 
members present at any regularly called meeting of the Committee, pro- 
vided there are at least five, shall form a quorum for the transaction of 
business. The Standing Committee shall meet on the day preceding 
each annual meeting of tHe Association, and arrange the i^rogramme for 
the first day of the sessions. The time and place of this first meeting 
shall be designated by the Permanent Secretary. Unless otherwise agreed 
upon, regular meetings of the Committee shall be held in the com- 
mittee room at 9 o'clock, a.m., on each day of the meeting of the Asso- 
ciation. Special meetings of the Committee may be called at any time 
by the President. The Standing Committee shall be the. board of superr 
vision of tlie Association, and no business shall be transacted by the 
Association that has not first been referred to, or originated with, the • 
Committee; The special busineiss of the Committee shall be : to receive 
and assign papers to the respective sections ; ta examine and, if neces- 
sary, to exclude papers ; to decid^ which papers, discussions and other 
proceedings shall be published, and to have the -general direction of 
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the publications of the Association ; to manage the financial affairs of the 
Association; to arrange the business and programmes for general ses- 
sions ; to appoint general sessions for the evening ; to suggest subjects 
for discussion, investigation or reports; to nominate members and 
fellows ; to receive and act upon all invitations extended to th^ Associa- 
tion and report the same at a general session of the Association. * 

Art. 18. The Nominating Committee shall consist of the Standing 
Committee, and four members or fellows elected by each of the 
sections. It shall be the duty of this Committee to meet at the call of 
the President and nominate the general officers for the following meeting 
of the Association. It shall also be the duty of this Committee to rec 
ommend the time and place for the next meeting. The Vice Presidents 
and Secretaries of the Sections shall be recommended to the Nominating 
Committee by sub-committees consisting of the Vidfe Presidents and 
Secretaries, and the four persons elected by each section under the first 
clause of this article. 

Meetings. 

Art. 19. The Association shall hold public meetings annually, for one 
week or longer, at such time and place as may be determined by vote of 
the Association, and the preliminary arrangements for each meeting 
shall be made by the Local Committee, in conjunction with the Perma- 
nent Secretary and such other persons as the Standing Committee may 
designate. 

Art. 20. General Sessions shall be held at 10 o*clock, a. m., unless 
otherwise ordered, on every day of the meeting, Sunday excepted, and 
at such other times as may be appointed by the Standing Committee. 

Sections and Subsections. 

Art. 21. The Association shall be divided into two Sections, namely : 
A (^Mathematics, Astronomy, Physics, CherMstry and Mineralogy) and B 
{Geology, Zoology, Botany and Anthropology), Either Section may, at 
its pleasure, form temporary or permanent subsections for the reading of 
papers. 

Art. 22. Immediately on the organization of a Section there shall be 
three fellows elected by ballot after open nomination, who, with the 
Vice President and Secretary, and the Chairman and Secretary of the 
Subsections, shall form its Sectional Committee, llie Sectional Com- 
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mittees shall have power to fill yacancies in their own numbers. There 
shall be no sectional meeting during a general session, 

Art. 23. When any Subsection organizes, it shall elect a Chairman and 
Secretary and report the result to the Secretary of its Section. The Sec- 
retary of a Subsection shall, at the close of the meeting, transmit his 
records to the Secretary of the Section. Any Permanent Subsection may 
elect its Chairman for the ensuing meeting. 

Art. 24. No paper shall be read in any Section or Subsection until it has 
been placed on the programme of the day by the Sectional Committees. 

Sectional Committees. 

Art. 25. The Sectional Committees shall arrange and direct the busi- 
ness of their respective sections. They shall prepare the daily pro- 
grammes and give them to the Permanent Secretary for printing at the 
earliest moment practicable. No titles of papers shall be entered on the 
daily programmes except such as have passed the Standing Committee. 
No change shall be made in the programme for the day without the 
consent of the Sectional Committee. The Sectional Committees may re- 
fuse to place the title of any paper on the programme ; but every such 
title, with the abstract o^the paper or the paper itself must be returned 
to the Standing Committee with the reasons why it was rellised. 

Art. 26. The Sectional Committees shall examine all papers and ab- 
stracts referred to the sections, and they shall not place on the pro- 
gramme any paper inconsistent with the chai^cter of the Association; 
and to this end they have power to call for any paper, the character of 
which may not be sufficiently understood from the abstract submitted. 

Papers and Communications. 

Art. 27. All members and fellows must forward to the Permanent 
Secretary, as early as possibly, and when practicable before the conven- 
ing of the Association, full titles of all the papers which they propose to 
present during the meeting, with a statement of the time that each will 
occupy in delivery, and also such abstracts of their contents as will give 
a general idea of their nature; and no title shall be referred by the 
Standing Committee to the Sectional Committee until an abstract of the 
paper or the paper itself has been received. 

Art. 28. If the author of any paper be not ready at the time assigned, 
the title may be dropped to the bottom of the list. 



• 



• • ■ 
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Reports op Meetings. 

Art. 29. Whenever practicable, the proceedings and discussions at 
general sessions, sections and subsections shall be reported by profes- 
sional reporters, but such reports f^all not appear in print as the official 
reports of the Association unless revised by tlie secretaries. 

Printed Proceedings. 

Art. 30. The Permanent Secretary shall have the Proceedings of each 
meeting printed in an octavo volume as soon after the meeting as possible, 
beginning one month after adjournment. Authors must prepare their 
papers ready for the press and forward them to the Permanent Secretary 
within this Interval, otherwise only the abstracts or titles will appear in 
the printed volumes. The Standing Committee shall have power to print 
an abstract only of any paper. Whenever practicable, proofs shall be 
forwarded to authors for revision. If any additions or substantial alter- 
ations are made by the author of a paper after its submission to the 
Secretary, the same shall be distinctly indicated. Illustrations must be 
provided for by the authors of the papers, or by a special appropriation 
from the Standing Committee. Immediately on publication of the volume, 
a copy shall be forwarded to every member and fellow of the Association 
who shall ha\e paid the assessment for the meeting to which it relates^ 
and it shall also be offered for sale by the Permanent Secretary at such 
price as may be determined by the Standing Committee. The Standing 
Compiittee shall also designate the Institutions to which copies shall be 
distributed. 

Local Committee. 

Art. 31. The Local Committee shall consist of persons interested in 
the objects of the Association and residing at or near the place of the 
proposed meeting. It is expected that the Local Committee, assisted by 
the officers of the Association, will make all essential arrangements for 
the meeting, and issue a circular giving necessary particulars, at least 
one month before the meeting. 

» 

Library of the Association. 

Art. 32. All books and pamphlets received by the Association shall be 
in the charge of the Permanent Secretary, who shall have a list of the 
same printed and shall ftirnish a copy to any member dr fellow on appli- 
cation. Members and fellows who have paid their assessments in full 
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shall be allowed to call for books and pamphlets, which shall be delivered 
to them at their expense, on their giving a receipt agreeing to make 
good any loss or damage and to return the same free of expense to the 
Secretary at the time specified in the receipt given. All books and pam- 
phlets in circulation must be returned at each meeting, or the value of 
any not so returned paid to the Permanent Secretary. Not more than 
ten books, including volumes, parts of volumes, and pamphlets, shall be 
held at one time by any member or fellow. Any book may be withheld 
&om circulation by order of the Standing Cpmmittee. 

Admission Fee and Assessments. 

Art. 83. The admission fee for members shall be five dollars in addi- 
tion to the annual assessment. On the election of any member as a 
fellow an additional fee of two dollars shall be paid. 

Art. Si. The annual assessment for members and fellows shall be 
three dollars. 

• Art. 86. Any member or fellow who shall pay the sum of fifty dollars 
to the Association, at any one time, shall be exempt Arom all flirther 
assessments, but this payment shall not entitle him to the publicationi^ of 
the Association, and all money thus received shall be invested as a per- 
manent ftind, the income of which shall be used only to assist in original 
research. 

Art. 86. All admission fees and assessments must be paid to the Per- 
manent Secretary, who shall give proper receipts for the same. 

Accounts. 

Art. 87. The accounts of the Permanent Secretary and of the Treas- 
urer shall be audited annually, by two auditors appointed by the Stand- 
ing Committee. 

Alterations op the Constitution. 

Art. 88. Ko part of this Constitution shall be amended or annulled, 
without the concurrence of three-fourths of the members and fellows 
present in general session, after notice given at a general session of a 
preceding meeting of the Association. 




ORDER OF PROCEEDINGS 



ux 



ORGANIZING A MEETING. 



1. The retiriDg President introduces the President elect, who takes the 

chair. 

2. Formalities of welcome of the Association as may be arranged by 

the Local Committee. 

3. Beport of the list of papers on the register and their reference to 

the Sections. 

4. Other reports. 

6. Announcements of arrangements by the Local Committee. 

6. Elections to complete the Standing Committee. 

7. Election of members. 

8. Election of feUoWs. 

9. Unenumerated business. 

10. Adjournment to meet in Sections. 

This order, so far as applicable, to be followed in subsequent General 
Sessions. 
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MEMBERS 



OF THB 



AMERICAN ASSOCIATION 



FOB THB 



ADVANCEMENT OF SCIENCES 



PA'PBON.' 



ThompsoD, Mrs. Elizabeth, Stamford, Conn. (22). (Entitled to annual 
volume.) 

LIFE MEMBERS.'' 

Case, Leonard, Cleveland, Ohio (16). 

Elwyn, Alfred L., Philadelphia, Pa. (1). 

Lyman, Benj. Smith, care Smith, Archer & Co., Yokohama, Japan (15). 

•Robertson, Thomas D., Rockford, 111. (10). 

Stephens, W. Hudson, Lowville, N. Y. (18). (Entitled to annual volume.) 

Vaux, William S., 1702 Arch St., Philadelphia, Pa. (1). (Entitled to 

annual volume.) . 
Warner, James D., 199 Baltic St., Brooklyn, N. Y. (18). 

MEMBERS. 

Abbe, George W., 32 East 20th St., New York (23). 

Abbot, Miss Elizabeth O., 16 Clark St., Cincinnati, Ohio (20). 

Acl^son, Edward G., Lock Bbx 82, Pittsburgh, Pa. (25). 

Adcock, Prof. Robert J., Monmouth, Warren Co., 111. (21). 

Aikin, Prof. W. E. A., Baltimore, Md. (12). 

Ainsworth, Frank B., Sup't Ind. House of RefUge, Plainfleld, Ind. (20). 

^The numbers hi parentheses indicate the meeting at\Fhich the member was elected. 
The Constitution requires that the names of ail members two or more years in arrears 
shall be omitted ft-om the list, but their'names will be restored on payment of ar- 
rearages. Members not in arrears are entitled to the annual volume of Proceedings. 

> Persons contributing one thousand dollars or more to the Association are classed 
as Patrons, are exempt from the annual assessments and are entitled tif the annual 
volume. 

•Any Member or Fellow may become a Life Member by the payment of fifty dollars. 
The money derived from Life Memberships is invested as a ftind, the income of which 
is to be used only to aid in original research. Life Members are exempt from the 
annual assessment, and an additional payment of ten dollars entitles a Life Member to 
the annual volume, 
(xxvl) 
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Albert, Augustus J., Baltimore, Md. (12). 
Alexander, Prof. Stephen, Princeton, N. J. (1). 

» 

Allen, B. Rowland, Insurance A^ent, Hartford, Conn. (23). 

Allen, H. R., Indianapolis, Ind. (24). 

Allen, J. M., Hartford, Conn. (22). 

Allen, Stephen M., 28 State St., Boston, Mass. (23). 

Allyn, Mrs. Clarence (22). 

Andrews, Dr.. Edmund, 6 Sixteenth St., Chicago, 111. (22). 

Armsby, Henry P., Box 27'3, New Brunswick, N. J. (23). 

Armstrong, Rev. John W., D.D., State Normal School, Fredonia, N. Y. (24). 

Atwater, Mrs. Samuel T., 166 Washington St., Chicago, 111. (17). 

Austin, Mrs. E. P., Cambridge, Mass. (24). « 

Babbitt, Henry S., M.D., Columbus, Ohio (23). 

Babcock, Prof. Samuel S., Mt. Clemens, Macomb Co., Mich. (24). 

Bailey, E. H. S., Bethlehem, Pa. (25). 

Baird, Eyman, 90 La Salle St., Chicago, 111. (17). 

Baker, Prof. Arthur L., Lafayette College, Easton, Pa. (24). 

Baker, Prof. T. R., Millersville, Lancaster Co., Pa. (22). 

Balch, David M., Salem, Mass. (22). 

Bandelier, Ad. F., Highland, Jll. (26) 

Barber, Edwin A., Westchester, Chester Co., Pa. (25). 

Barnard, Jas. M., Boston, Mass. (18). 

Barnard, Wm. Stebbins,. Canton, 111. (24). 

Barry, Sir Redmond, President Public Library of Melbourne, Victoria, 

Australia (25). 
Bassett, George W., M.D., Vandalia, 111. (20). 
Bassnett, Thomas, Jacksonville, Fla. (8). 
Bassnett, Mrs. Thomas, Jacksonville, Fla. (24). 
Bastian, Dr. David I., Clinton, Worcester Co., Mass. (25). 
Batterson, J. G., Hartford, Conn. (23). 
Beach, Charles M., Merchant, Hartford, Conn. (23). 
Beach, J. Watson, Merchant, Hartford, Conn. (23). 
Beach, William H., Belolt, Wis. (21). 

Beal, Prof. Wm. James, Agricultural College, Lansing, Mich. (24). 
Becker, Dr. Alexander R., 265 Beneiftt St., Providence, R. I. (22). 
Becker, Hon. Philip, Buffalo, N. Y. (25). 
Bell, James D., Office of Daily Graphic, New York (20). 
Bell, John J., Exeter, N. H. (22). 

Bemis, Hon. A. S., President of the Common Council, Buffalo, N. Y. (25). 
Benjamin, E. B., 10 Barclay St., New York (19). 
Bessey, Prof. C. E., Agricultural College, Ames, Iowa (21). 
Blckmore, Prof. Albert S., Am. Mus. of Nat. Hist., Central Park, N. Y. (17). 
Bill, Charles, Springfield, Mass. (17). 
Blackham, Dr. George E., Dunkirk, N. Y. (25). 
Blake, Clarence J., M.D., Hotel Berkeley, Boston, Mass. (24). 
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Blake, W. P., Geologist, New Haven, Conn. (2). 
Blakeslee, B. F., Stock Broker, Hartford, Conn. (23). 
Blatchford, Eliphalet W., 876 North La Salle St., Chicago, 111. (17). 
Bliss, Porter C, Journalist (18). 
Blois, John T., Jonesville, Hillsdale Co., Mich. (24). 
Boadle, John, Haddonfleld, N. J. (20). 
Bohrer, Charles J., Lafayette, Ind. (25). 
Bolles, Rev. E. C, Salem, Mass. (17). 
Bowen, Edmund S., Genl Supt. Erie Railway, N. Y. (25). 
Bowen, Lemuel W., care D. M. Ferry & Co., 203 Woodward Ave.,. De- 
troit, Mich. (24). 
Benton, Miss Susan P., Box 150, Lynn, Mass. (19). 
Breneman, A. A., Lancaster, Pa. (20). 
Brevoort, J. Carson, Brooklyn, N. Y. (1). 
Briggs, Albert 1)., 7 Fort Block, Springfield, Mass. (13). 
Brigham, Rev. Charles H., Ann Arbor, Mich. (17). 
Bristol, Eugene S., New Haven, Conn. (17). 
Broomall, Hon. John M., Media, Delaware Co., Pa. (23). 
Brown, Mrs. Ashley, 116 Wilkinson St., Dayton, Ohio (25). 
Brush, Dr. Edward N., Buffalo N. Y. (25). 

Bryan, Oliver N., Accokeek P. O., Prince George's Co., Md. (18). 
Buckhout, W. A., State College, Centre Co., Pa. (20). 
Bull, Dr. Alexander T., 98 Swan St., Buffalo, N. Y. (26). 
Burbank, L. S., Woburn, Mass. (18). 

Burgess, Edward, Sec'y Nat. Hist. Society, Boston, Mass. (22). 
Burnham, S. W., 52 Vincennes Avenue, Chicago, 111. (25). 
Bush, Stephen, Waterford, N. Y. (19). 



Cadraan, Charles C, Merchants' & Manufacturers* Bank, Detroit, Mich. (24). 
Campbell, Mrs. Mary H., Crawfordsville, Ind. (22). 
Canby, William M., 1101 Delaware Ave., Wilmington, Del. (17). 
Canfleld, Rev. Eli H., D.D., Arlington, Bennington Co., Vt. (25). 
Capen, Miss Bessie T., Smith College, Northampton; Mass. (23). 
Carpenter, Prof. G. C, Simpson Centenary College, Indianola, Iowa (22). 
Carpenter, Lieut. W. L., Dunkirk, N. Y. (24). 
Carr, Lucien, Cambridge, Mass. (25). 

Carrington, Col. Henry B., U.S.A., Prof, in Wabash College, Crawfords- 
ville, Ind. (20). 
Case, L. B., Richmond, Indiana (17). 
Cassino, S. E., Naturalists' Agency, Salem, Mass. (25). 
Cattell, William C, President Lafayette College, Easton, Pa. (15). 
Chamberlin, T. C, Beloit College, Beloit, Wis. (21). 
Chandler, Henry, Lewis Block, Buffalo, N. Y. (25). 
Chanute, O., care Erie Railway, New York (17). 
Chapman, F. M., Danforth, Iroquois Co., 111. (17). 
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Chase, Prof. Pliny E., Have rford College, Haverford, Pa. (18). 

Chase, R. Stuart, 16 Merrimack St., Haverhill, Mass. (18). 

Chase, Theodore R., Detroit, Mich. (24). 

Chesbroiigh, E. S., Chicago, 111. (2). « 

Chickeriag, Prof. J. W., jr.. Deaf Mute College, Washington, D. C. (22). 

Choate, Prof. Isaac B., Buchtel College, Akron, Ohio (25). 

Clark, Simeon T., M.D., Lockport, Niagara Co., N. Y. (25). 

Clinton, Hon. George W., Buffalo, N. Y. (25). 

Coe, Miss Emily M., 44 East 43cl St., N. Y. (25). 

Cofflnberry, W. L., Grand Rapids, Mich. (20). 

Cogswell, Dr. George, Bradford, Mass. (18). 

Collin, Prof. Alonzo, Cornell College, Mount Vernon, Iowa (21). 

Colman, Henry, M.D., 1483 Washington St., Boston, Mass. (25). 

Colton, G. Woolworth, 172 William St., New York (22)! 

Comstock, Theodore B., Ass't Prof. Geol. Dep't, Cornell University, 

Ithaca, N. Y. (24). 
Connerly, Prof. D. C. B., Principal Hunts ville High School, Huntsville, 

Ala. (23). 
Cook, Prof. A. J., Agricultural College, Lansing, Mich. (24). 
Cook, Dr. Charles D., 133 Pacific St., Brooklyn, N. Y. (25). 
Cooke, Caleb, Peabody Academy of Science, Salem, Mass. (18). 
Cooley, Prof. Le Roy C, Vassar College, Poughkeepsie, N. Y. (19). 
Copes, Dr. Joseph S., care Copes & Ogden, New Orleans, La. (11). 
Corwln, Richard W., Michigan University, Ann Arbor, Mich. (24). 
Coxe, Eckley B., Drifton, Jeddo P. O., Luzerne Co., Pa. (23). 
Crawford, Dr. John S., Galena, 111. (21). 
Crfjhore, John D., 458 Prospect St., Cleveland, Ohio (24). 
Crosby, M. S., Pres't Waterbury Scientific Soc, Waterbury, Conn. (23) 
Cross, Japheth, Adrian, Mich. (24). 
Cummings, John, Woburn, Mass. (18). 
Curtis, Rev. W. S., D.D., Rockford, 111. (21). 
Cusick, Cornelius C, Lieut. 22nd Reg. Infantry, U.S.A., Washington, 

D.C. (24). 
Cutter, John D., 1208 Pacific St., Brooklyn, L. I. (23). 



Davis, George T., Portland, Me. (23). 

DeCamp, Dr. William H., Grand Rapids, Mich. (21). 

Delano, Joseph C, New Bedford, Mass. (5). 

Derby, O. A. (23). 

Devereux, J. H., President C.C.C. & I.R.R., Cleveland, Ohio (18). 

Dickinson, Rev. John, 167 Tompkins Avenue, Brooklyn, L. I. (23). 

Dixwell, Epes S., Cambridge, Mass. (1). 

Dodd, C. M., Williamstown, Mass. (19). 

Doggett, Mrs. Kafe N., Chicago, 111. (17). 

Doggett, Wm. E., Chicago, 111. (17). 
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ADDKESS 

OP 

Dr. JULIUS B. HILGAED, 

THE RETIRING PRESIDENT OF THE ASSOCIATION. 



Gentlemen and Ladies op the American Association for 
THE Advancement op Science: — 

In availing myself of the privilege accorded by the custom of 
the Association to its President of the preceding year, of making 
a general address, I cannot but feel a strong temptation, under 
the influence of the Centennial year of the Republic, to attempt a 
general review of the progress of science during the past century. 
The genius of the year is that of retrospective contemplation, of 
comparison of the past witl^ the present, not unaccompanied with 
a justifiable sense of satisfaction at the evidences of real advance. 

Much has been said and written on the progress of the nation 
in polity, in wealth, in the arts, and in science. The Centennial 
reviews, published in several of the leading popular periodicals, 
have sketched with more or less detail the history of scientific de- 
velopment in this country, but there still seems to remain room 
for a philosophic appreciation of the change that has been wrought 
in the dominant modes of thought in the different branches of 
human knowledge. The occasion invites the attempt to trace 
critically the steps by which the science of pure mathematics, 
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having perhaps exhausted the methods within the range of the 
material world, has sought a ne^ field of activity in investigating 
the properties of magnitudes inconceivable to the human mind as 
at present constituted, such as space of five dimensions, while 
the application of the previously developed mathematical modes of 
thought to the problems of the forces of nature has immensely 
aided the appropriation of those forces to the practical uses of 
man : to follow the influence which the principle of the conserva- 
tion of force, recognized ages ago in | the philosophic axiom that 
cause and effect are equivalent, but a hundred years ago still stand- 
ing applied only to the doctrine of mass-motion, has exercised 
upon modern modes of Ihought, as the basis of the correlation of 
forces, -the fruitful principle by which all phenomena of molecular 
force, — light, heat, electricity, galvanism^ and magnetism, — are 
reduced to the compaon idea of some mode of motion, convertible 
one with another and with mass-motion : 

In Chemistry, to show how the same fundamental idea has led 
us from the crude conceptions of phlogiston and anti-phlogiston, 
of free and latent Caloric, to the acceptance of the energy of 
molecular motion as, the condition of chemical combinations, or, 
as we should now say, the association or dissociation of difierent 
molecules : 

In Geology, to illustrate how vague notions of cataclysms, up- 
heavals and submergences, imagined to explain observed phen- 
omena, but without assignable cause, have, under the influence of 
the same potent demand for balancing the debit and credit account 
of the forpes invoked, given way to the research and discrimina- 
tion of eflects of recognized and enduring causes, acting slowly 
but ceaselessly ; so slowly that the astronomical evidence of cos- 
mical changes has l)een called in to account for even that very re- 
cent and superficial change, the glacial period : 

To contrast, further, in the study of organic nature, the crude 
categories formed an hundred years ago on external resemblances 
with the classifications of to-day, based upon the most careful 
observation of genetic difierences : and, last in logical sequence, - 
but of the first importance in our day, to appreciate philosophically 
the progress in the doctrine of evolution, as it is called by its 
votaries, or the natural history of creation — as may be better 
understood by many of my hearers — these subjects present them- 
selves forcibly to my mind. 
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But I am warned by this very brief recital of the broaidest 
division of the subjects that would necessarily be treated of in a 
general review of the progress of Science during the past century, 
that a satisfactory treatment of the questions put, even from an 
individual point of view, is hardly possible within the limits of an 
address suitable to this occasion, assuredly not within the power 
of him who addresses you. It will be far wiser to confine myself 
to a recital of the progress in that department of applied Science 
to which my attention has mainly been given for many years — -that 
of Geodesy y the study of the form of our globe, and that of 
27a2)Ogrrap^y, the mapping of the land. 

In treating of this subject .my aim will be to lay before you in a 
succinct manner what has been done, and what is now being done 
in various countries toward the accurate admeasurement of the 
earth's dimensions and the delineation of its surface. 

Geodesy in tiny exact sense falls quite within the period of 100 
years — although some of the most important geometric principles 
had been developed, as usual in the progress of science, a century 
in advance of their application to practice. 

The first accurate measurement was made in France, in 1699, 
by Picard, who first applied telescopes to astronomical obser- 
vations of position, in the measurement of an arc of the meridian 
between Malvoisin and Amiens, which operation furnished to 
Newton the data for the demonstration of the law of gravita- 
tion. In that era, \inder the intelligent auspices of Louis XIV, 
the French continued to lead in geodesic operations, and in con- 
nection with the trigonometrical survey of France, three arcs were 
measured by the two Cassini (1683-1700) between Bourges, Paris, 
Amiens, and Dunkirk, by trigonometrical operations, avowedly 
for the purpose of determining the figure and magnitude of the 
earth. 

While such measurements, taken in middle latitudes, would well 
serve to determine the average diameter of the earth, they could 
throw but little light on the question of its ellipti<;ity, which can 
be derived only from arcs measured in widely different latitudes. 
From theoretical considerations, supported by the pendulum 
observations of Huyghens and Richer, Newton had concluded the 
polar axis of the earth to be between 1 : 180 and 1 : 500 less than 
its equatorial diameter, while Cassini's measures indicated a slight 
excess of the polar axis. In order to settle this question, the 
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country, and for this purpose we will review them somewhat in 
detail. If I had them here it would, of course, be impossible for 
you to see them, and I must still address myself to your mental 
conception as best I may ; but to those who visit the International 
Exhibition at Philadelphia, I would say, do not fail to go and see 
the ordnance maps of Great Britain, as well as thqse of Switzer- 
land, Sweden, Norway, and others. I am sure you will be con- 
vinced that we, as a nation, do also want to construct a complete 
map of our own country. • 

The map of Great Britain, then, consists in the first instance 
of the original sheets, about two by three feet in size, giving the 
plan of a corresponding area on a scale of six inches to the mile. 
Each chart shows the roads, houses, fences, brooks, woods, 
meadows, fields, copses and every natural and artificial surface 
detail that has any permanence or is sufficiently large to be seen 
on the scale of representation. In addition to this, there are 
numerous elevations marked along the roads and in the fields, all 
of them determined by actual spirit-levelling, and several points 
are marked that have been determined trigonometrically and in ref- 
erence to which all the superficial detail has been located. Such 
a map contains all the geometric information that the owner of 
the property can want for his own uses, or that the Commonwealth 
can want in regard to the same in distances, areas, slopes, points 
of reference by means of which any new sub-divisions of the land, 
roads or buildings can be accurately laid down, and the data 
requisite for planning improvements and estimating their cost. 
One feature is wanting, which the Swedish maps have, namely, a 
representation of the quality of the soil. 

These maps are reproduced on the original scale, for the use of 
the inhabitants, in limited number to suit each case, by a process 
of photo-zincography, and the copies are sold at a shilling apiece, 
which covers the cost of reproduction, on the average. Moreover, 
a reduced map is engraved on copper in the very highest style of 
art, on a scale of one inch to the mile, somewhat larger than the 
scale of the map of France before spoken of. These maps, each 
sheet comprising about sixteen sheets of the former, still contain 
the same information, but presented to the eye in a more compre- 
hensive form, although not with the precision of measurement that 
the larger scale affords. They serve for all purposes of adminis- 
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tration, for engineering plans, for the mapping of geological 
features, or any statistical facts. 

Is a new road in question ? It is at once planned on the map 
and can be laid out by reference to the station points. Does a 
town want a water supply? Without spending a penny for a 
survey, an expert can at once determine the possibility from the 
Ordnance map, and make an approximate estimate of the cost. 

But I need not multiply illustrations to show the advantage of 
a perfect map. That a nation needs to know all the particulars 
of its domain, as a good housewife knows her chambers and clos- 
ets, is too obvious to require demonstration. 

Continuing our review of the surveys of other European coun- 
tries, we will next turn our attention to Switzerland, the confor- 
mation of which taxes most severely the methods of topographical 
representation, while its triangulation is comparatively easy. It 
has been completely surveyed under the auspices of the Federal 
government, and is represented in an atlas of twenty-five sheets, 
on a scale of 1 : 100,000, published between 1842 and 1860. There 
is also a general map in four sheets, and since 1871 the original 
sheets on a scale of 1 : 25,000 are commenced to be published with 
the introduction of colors, brown for the contour lines and blue 
for water, while the general plan is black. These maps are a 
treasure of excellent topography, in which scientific knowledge, 
eminent taste and artistic skill are blended in a work which gives 
equal satisfaction to the geographer and to the artist. 

In connection with the triangulation, numerous determinations 
of azimuth, latitude and longitude have been made, and an ex- 
tended network of exact leveling has been executed, affording 
precise points of reference for the altitudes obtained by trigono- 
metrical leveling. These levels of precision, in a country of so 
excessively broken surface as Switzerland, have given rise to an 
interesting discussion as to the effect of local attraction on the 
surface of equilibrium. In connection with the same, observations 
on the force of gravity, by means of the pendulum, have also been 
made at numerous points, and the comparative observations at 
Geneva and on Mt. Eighi are a model of experimental work. 

In the various states of Germany, detailed topographical sur- 
veys, based upon trigonometrical frameworks, and in general ex- 
ecuted in commendable style, were accomplished during the first 
half of the century, bnt owing to the division of the country into 
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small independencies, thej show a great variety as to method and 
scale. Among the best in style are the maps of the former Elec- 
torate of Hessia, surveyed on 1 : 25,000, published on 1 : 50,000, 
engraved on stone, forty sheets, and those of Bavaria, on like 
scales, engraved on copper, in 112 sheets. 

In Prussia the surveys are made on 1 : 25,000 and the maps 
published on 1 : 80,000 for Prussia proper and the Eastern prov- 
inces ; the Rhenish provinces are published on 1 : 100,000 to match 
the map of France. 

Since the reconstitution of the German Empire a scheme for a 
general map on a uniform scale has been determined on, and the 
publication of the original maps has been commenced. But sev- 
eral years previous to the political unification a scientific union had 
been effected, which, under the- name of the Central European 
Geodesic Association, undertook to supply the trigonometrical 
links requisite for uniting the geodesic surveys of all countries 
adjoining Germany — the heart of Europe — to remeasure base- 
lines by a common standard, to make the requisite astronomical 
determinations of azimuth, latitude and longitude, — in brief, to 
complete the geodesic network of Central Europe- with a degree of 
precision conunensurate with the present state of science. Besides 
the immediately contiguous nations, Scandinavia, Italy and Spain 
have fallen into line. France last of all ; only Great Britain, with 
characteristic conservatism, still holds back from a scheme which 
she did not originate. The annual reports of that Association are 
among the most Important contributions to science, of our day. 
National and personal emulation constitute a stimulus which is 
wanting when in any one country some interest has passed into 
the hands of the select. We all need a thorn in our flesh, to pre- 
vent us from taking life too easy. 

But to proceed with our review : 

The survey of Belgium, like its National autonomy, is of recent 
origin, but is progressing In a way fully up to the advanced re- 
quirements of the day. The Netherlands have a good map of 
their territory, published (1850-64) in sixty-two sheets; scale 
1 : 50,000. The Dutch maps of Java, printed in colors, are ad- 
mirable specimens of cartography. 

Austria is well up to the times in her work on the German prov- 
inces, while in Hungary and the Slavonic dependencies the work 
is far behind in date, and in its quality is to be classed rather as 
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a reconnaisance for military purposes, than as an exact topograph- 
ical survey — always based, however, on a good trigonometrical 
framework; and doubtless all is done that the present occasion 
calls for. 

In Italy the want of political unity has until very lately pre- 
vented any concerted action, and while science has not been 
asleep, its practical applications to the needs of the common . 
interest have been awaiting the regeneration of the nation. 

In the former Austrian provinces good surveys have been made 
and published. The power that has reunited Italy has shown its 
intellectual title to the crown by maintaining territorial surveys 
of Piedmont and Sardinia, while all the rest slept — the pontifex 
maximua himself forgot his original function. 

Spain shows its revival not more brilliantly in any other branch 
of public life than in its great trigonometrical and topographical 
survey. Taking advantage of all preceding experience, the work 
but recently commenced stands in the very front rank of similar 
enterprises ; both as to rapidity of execution by judicious organi- 
zation and quality of results. Some of the methods devised and ' 
practised for the prosecution of the trigonometrical survey are 
recognized in Europe as establishing the highest grade of accu- 
racy yet attained and the published maps — but few in number as 
yet — will be readily admitted as having dealt more successfully 
with the difficulty of representation by successive printings in 
color than any heretofore attempted. 

Of Portugal we have a very creditable map for military pur- 
poses, but insufficient for industrial or scientific demands. 

Denmark, with a flat and limited territory, has developed the 
representation of surfaces of small inequality of height with great 
success. For minute detail and expression of surface-quality the 
Danish maps excel all others, not being hampered by shading of 
slopes. 

Sweden and Norway are covered by a good framework of tri- 
angulation, the topographical surveys are well advanced and the 
publication of maps is keeping progress. These maps are printed 
in colors and are notable for expressing general distinctions of 
soil for economic purposes. 

Russia (in Europe) is being surveyed on a general plan of 1 j 
inches to the mile for average country, half that scale for level 
country such as the prairies of the Don and twice as large for 
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densely settled townships. Much energy and skill is devoted to 
the publication of the maps, which are not far behind the best 
examples of other nations, notwithstanding the vast extent of 
territory and sparseness of population. The trigonometric work, 
while it does not quite meet the latest demands of precision, is 
fully equal to the average standard, and its meridional arc of more 
than 25° is a most important contribution to pure geodesy. 

Such is a brief recital of the work of geodesy and topography 
done in Europe by the civilized nations of the earth. But before 
I can pass to the review of what we are doing ourselves;, I must 
mention the stupendous work accomplished in India by our elder 
cousins, those British — who have covered the country by a tri- 
' angulation extending from Cape Comorin to Kashmir, from the 
Indus to the Irawaddy, have added 21** to the meridioni^l measure- 
ments, and have made such progress with the topography as the 
needs of the country warrant. 

They have, moreover, measured an arc of 4° northwardly from 
the Cape of Good Hope, part of which had been previously meas- 
ured by the French with less adequate means. 

Turning now to our own country, we find in comparison with 
the older countries of Europe, a great want of accurate topo- 
graphical and even of geographical information. It may be said 
that for most of the states the information requisite for construct- 
ing a true plan, on even so small a scale as ten miles to the inch 
does not exist. In the attempt to put together the local plans of 
townships and* counties, irreconcilable differences, often amounting 
to several miles, are encountered. The accepted geographical 
positions of .capitals are found greatly in error when determined 
by ^curate nidans. A river boundary suck as the Ohio when 
drawn from the data available for one state will differ widely from 
that constructed for an adjoining one. The commonwealth of 
Massachusetts forms the only exception to this state of things, 
having forty years since provided a trigonometrical framework for 
its territory. The topography, hovwlr, was compiled from the 
town plots, and the State map is, therefore, very deficient in its 
surface representation. A movement is now making to supply an 
adequate topographical representation. 

The so-called survey of our public lands is a mere parcelling 
out of properties for sale, and from the nature of the methods em- 
ployed, cannot CornL the basis of a correct, map, but it must be 
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admitted, answers well and cheaply the primary purpose of divid- 
ing up the land for occupancy. 

It is to the extension of our Coast Survey into a trigonometrical 
survey of the whole country that we must look for the basis of a 
correct and complete map of the United States. Whatever meas- 
ure of detail may be left to the choice of the several states, uni- 
formity of plan, unity of precision, equal participation in advan- 
tages obtained at the common charge, — in short, national unity, 
demands that tha general framework of our country's map should 
be made by a national organization. We have seen that all civil- 
ized nations have found it to their advantage to possess an accu- 
rate map of their domain; we certainly cannot long remain be- 
hind. Our territory is so extensive, so unequally settled, so 
varied in economic value, as to require the most careful adaptation 
of method in different localities. This can only be done by en- 
trusting the whole matter to an organization especially provided 
for the purpose, and composed of persons trained to that partic- 
ular duty. 

I may freely assume that the Association is well acquainted with 
the geodesic and geographical work in progress in this country — 
not only that of the Coast Survey, with its extension across the 
continent, to connect the two oceans and the authorized spreading 
over those states that provide for their topographical or geological 
surveys, and its younger sister, the survey of the Great Lakes, 
which is conducted on the same scientific principles, although 
under a different administration, — but also with other works of a 
similar character, but in which exd,ctness is a less dominant fea- 
ture, such as the geological survey of California, with its admi- 
rable general topography, with the explorations of the fortieth 
parallel, the geological examinations of the territories and the 
military explorations of the same. 

I need not detain you by endeavoring to assign to each its spe- 
cific value ; suflSce it to say that they are all timely and well done 
according to their requirements, and give the information immedi- 
ately required for the development of the country. 

You will, however, be pleased to have some account of the 
effect of a recommendation made to Congress by this Association, 
many years ago, in regard to the extension of the triangulation 
made for the survey of the coast into the interior of the country, 
as a basis of more accurate n^aps than we now possess. Twenty 
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years ago it was not unusual for the members of the Association 
to ask at the hands of their elder brethren reports on special sub- 
jects, setting forth the actual condition of our knowledge and 
defining the questions next before us — a custom which it would 
be well to revive. 

A committee of twenty members, appointed in that way eigh- 
teen years ago to report on the progress of the Coast Survey, 
recommended the continuation of the primary triangulation along 
the Appalachian mountain chain, from Maryland to Alabama, and 
thence to the Gulf coast, nol only as a proper part of the survey 
of the coast, necessary to rectify the innumerable small steps of 
the circuitous survey along the low southern coasts by a direct 
chord of great strength, but also as affording to the states trav- 
ersed by that main chain of triangles the basis for exact local 
surveys. 

The importance of this recommendation being recognized by 
the Government, the work was undertaken soon after tlie war, 
and is now well advanced. Moreover, the eminent geometer to 
whose lot it fell to carry those views into effect, also obtained the 
assent of Congress to a system of trans-continental triangulation, 
connecting the surveys of the Atlantic and Pacific coasts, and 
furnishing to the intermediate states the advantages of a trigo- 
nometrical back-bone for their state surveys. 

Let us all use our influence to have this plan steadily pursued, 
and we may feel assured that in due time the great American 
nation will have a map of its domain not inferior to any in the 
world. 

Science demands more especially the contribution of the large 
arcs, both in latitude and longitude, which it is our province to 
measure. The Coast Survey has incidentally added its share, and 
is even now nearly ready to furnish much more, but we must not 
anticipate. 

The latest general combination of the principal meridional arcs 
heretofore measured, with a view to the determination of the figure 
of the earth, has been made by Clarke, of the British Ordnance 
Survey. His computation, published in 1866, does not comprise 
the results of American measures, which were only published in 
1868 ; but these so closely agree with the general result that their 
introduction would not materially modify the elements. It is 
based, like all previous discussions, upon the supposition that the 
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uncertainty of the measured lengths of the arcs is extremely small, 
compared with that of their amplitudes or differences of latitude ; 
since the latitudes are affected by the irregularities of local at- 
traction to an amount generally between one and two seconds of 
an arc, attaining in mountainous regions even ten seconds. Sta- 
tions exhibiting extraordinary discrepancies in latitude are, of 
course, excluded from the discussion, which was preceded by a 
minute comparison of all the standards of length that had served 
in the several operations. The following arcs, entitled to equal 
consideration by their superior precision, have entered into the 
comparison: 1. The French arc, from Formentera (lat. 38° 40') 
to Dunkirk (lat. 51^ 02'), having an amplitude of W 22', and 
comprising six latitude-stations. 2. The British arc, from Green- 
wich (lat. 51° 280 to Saxavord (lat. 60° 49'), amplitude 9° 21', with 
six latitude- stations. 3. The Indian arc, between Punnae (lat. 8° 
10') and Koliana (lat. 29° 31'), amplitude 21° 21', with eight lati- 
tude-stations. 4. The Russian arc, from Staro Nekrassowka (lat, 
45° 20') to Fuglenoess (lat. 70° 40'), amplitude 25° 20'; thirteen 
latitude-stations. 5. The Cape of Good Hope arc, from North 
End (lat. 29° 44') to Cape Point (lat. 34° 21'), amplitude 4° 37'; 
five latitude-stations. 6. The Peruvian arc, from N. lat. 0° 02' to 
S. lat. 3° 4', amplitude 3° 06' ; two latitude-stations. These six 
groups, aggregating an arc of over 78°, and comprising forty lati- 
tude-stations, when treated with reference to a spheroid of revolu- 
tion, yield the following results : 
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Equatorial semi-axis = 20,926,060 feet = 6,378,206 metres. 
Polar semi-axis =20,865,120 " =6,366,684 

Ellipticity = 1:295. 



When the latitudes of the several stations are computed from 
the mean of each arc upon these elements, the difference between 
the computed and observed latitudes is on the average 1"*8, a de- 
gree of discordance fairly ascribable to local deviations of the 
plumb-line. A quadrant of the meridian of the above spheroid 
is equal to 10,001,887 metoes, showing that the metre falls short 
of its presumed value by its l-5300th part, equivalent to about 
one foot in a mile. 

The same data, treated with reference to an ellipsoid of three 
axes, indicate an ellipticity of the equator of 1 :3270, while the 
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average error of the latitudes is reduced to 1"'4. This better 
representation of the observations by the assumed figure corre- 
sponds, however, only to the introduction of three, instead of two, 
unknown quantities into the problem, and furnishes no evidence 
that there is really a general ellipticity of the equator. Such a 
conclusion could only be reached by the evidence of many more 
arcs measured near the equator, in different longitudes, than we 
now possess. 

Since the U. S. Cpast Survey arcs, fVom Mt. Blue in Maine to 
Nantucket (1868), and from the head of Chesapeake Bay to Ocra- 
coke, N. C. (1875), comprising 8"* and swelling the aggregate to 
84^ of latitude, accord closely with the elements of Clarke's spher- 
oid (1866), it appears that this figure may be taken as the most 
probable that can be deduced from geodesic measurements pub- 
lished at the present time ; nor is it likely that they will be ma- 
terially changed by the operations now in progress in Central 
Europe. It is only when larger arcs shall have been measured in 
North and South America, in Siberia, Africa and Australia, that 
we may look for a more accurate knowledge of the figure of our 
globe. 

Such exact determination of the earth's form and magnitude 
has an interest quite apart from the problem of perfectly mapping 
its surface. Its equatorial diameter is the unit of measure for all 
distances in our planetary system, by means of which we are en- 
abled to compare them with distances appreciable to our percep- 
tion. By ascertaining the fact that its actual figure is that of 
equilibrium of a fiuid body rotating at the same rate, we establish 
a degree of probability, almost amounting to demonstration, that 
it once was in a fiuid state, and thus obtain a sound link in the 
chain of evidence for our received conception of the probable his- 
tory of our solar system. But it is mainly in looking forward to 
the probable continued existence of mankind through time com- 
parable in duration with what is called geological time, that we 
find a just incentive to extreme accuracy in our geodesic work. If 
in that remote future it should be possible to determine, by a 
repetition of our operations, what changes the dimensions of the 
earth have undergone during the intervening time, how apprecia- 
tive will be the man of that day of the endeavors of our age, 
which he will look upon as lying at the very beginning of exact 
knowledge. 
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The permanence of the earth's magnitude involves not only our 
measure of space, but also that of time, since the revolution of 
the earth about its axis is our only available unit, and a contrac- 
tion of its dimensions would inevitably cause an increased rate of 
rotation. 

We cannot presume that our several individual achievements, 
however marked in our day, will remain distinguishable after a 
million of years in the report of the aggregate advance of the 
chiliad in which we have lived. Eminence in political history and 
in literature is surely doomed to oblivion, because the interests in- 
volved in the one, and the modes of thought and habits of life 
portrayed in the other are 'transient. If any names are destined 
to go down to such remote posterity it must be those of the fortu- 
nate ones who have been enabled to announce to mankind the dis- 
covery of great laws of nature, that endure forever. Among the 
most permanent monuments of science is the work of Geodesy. 
The interests of an intelligent race of inhabitants of our globe in 
its cosmic history can never fail. Well ascertained facts relative 
to the size and form of the earth, from the remotest epochs, will 
ever retain their importance. I desire to proclaim as loudly as I 
can, that there is no monument so enduring that could be erected 
for himself by one of our great money-princes, as the establish- 
ment of a Geodesic fund for the measurement of extensive arcs 
of meridians and parallels. Deservedly called by the name of 
the Founder, his fame would go down to the remotest generations 
of man. 

Now, before taking leave of you, I will permit myself to say a 
few words, to enforce what I have sought to imply in my introduc- 
tory remarks, on the part which abstract thought and pure math- 
ematics have had, and necessarily must have, in the development 
of human knowledge. In doing this I desire particularly to recall 
Prof. Newton's plea for a more extended study of "the science 
that drAWs necessary conclusions,'' as Peirce has defined it. It is 
the science that develops tbfe absolute, modes of thought, and all 
othefc^ sciences must be subject to it. Whenever they become suffi- 
citS^ly advanced to undertake to account for cause and effect in 
measure as well as in mode. • In physical science, in chemistry, 
the work that now remains to be done in order that we may under- 
stand the constitution of the fiaterial elements, and predict the 
result of experiments, is allfibst purely mathematical. Here lies 
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■ the goltlen key that will unlock the mystery of the microcosm. It 
is not given to every one to pursue with success the study of 
abstract science — non (wjini&Ms licet adire Corinthum,:- — but let 
every student who loves mathematics and to whom the simpler 
forms of mathematical thought have come as by intuition, without 
effort and with a sense of great delight — this is the test of the 
gift — let him believe that there is a great prize within his reach 
and devote himself to pare science. 

How much remains to be done! If we are to interpret the 
qualities of molecules, as arising IVom the combined effect c^ 
mi^'berless atoms moving in orbits constrained by matual influen- 
ceS'T-how must we despair of any exact interpretation of the 
microcosm when we reflect that we have not yet sofflciently devel- 
oped our modes of thought to enable ns to take into account in 
the macrocosm of the heavens the mutual interaction of more 
than two bodies, except by processes of approximation unsatisfac- 
tory to the mind and impossible when extended to many bodies. 
But shall we allow ourselves to be discouraged and say : nay, this 
is too troublesome, let it go ; matter is very well as it is and it is 
useless to inquire how it came to be so ; we will eat and drink 
and be merry, for to-morrow we die ? Never I We want to know ! ! 
The Promethean fire is deathless ; to seek to know the causes of 
things — rerum cognoscere causas — is a Divine quality of our nature 
that we cannot divest ourselves of, fraught though it be with nnre- 
qnited labor and pains. We want to know ! and as onr revered 
President told us at the opening of the session, with the retrospect 
upon a long life, in which wisdom has been the fruit of much seek- 
ing to know, there is no satiety of knowledge. Friends, to my mind 
this insatiate desire to know the causes of things, and to under- 
ition, is the strongest evidence that there is 
rhich the human mind is derived, and that 
the image of God. 



REPORT OF THE COMMITTEE ON WEIGHTS, 

MEASURES AND COINAGE. 



In conformity with the design of its institution, which was to 
bring to the notice of the Association, from time to time, such sub- 
jects as seem to call for their action or the expression of their opin- 
ions, the Committee on Weights, Measures and Coinage beg leave 
first, to submit a statement of the progress made in the effort to 
secure the participation of the government of the United States 
in the establishment of an International Bureau of Weights and 
Measures ; and secondly, to invite attention to certain questions 
of grave importance now agitating the public mind, concerning 
the principles which should govern legislation in regard to stand- 
ards of value, in the decision of which, in the view of the Commit- 
tee, are largely and directly involved the material interests and 
welfare of the people of the United States, and indirectly those of 
the whole civilized world. 

First, as to the International Bureau of Weights and Measures. 
In the report of this Committee presented to the Association 
at the annual meeting of 1875, held at Detroit, the fact of the 
then recent negotiation of an international convention, to which 
the Government of the United States had been an assenting party, 
for the establishment and permanent maintenance of an institution 
for the preparation and verification of standards of measurement, 
and the preservation unaltered forever of the prototypes from which 
such standards are derived, was stated, accompanied by a resolution 
that a memorial to Congress be prepared for signature by members 
of the Association and others, praying the Senate to ratify the ac- 
tion of the Executive Department in entering into the Convention, 
and praying Congress to make provision to .discharge the obliga- 
tions resting upon us in consequence of our adhesion to such con- 
vention, which resolution was unanimously adopted. 

In compliance with the requisitions of this resolution, the pro- 
posed memorial to Congress was prepared without .delay, and was 
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circulated as widely as circumstances and the limitation of time 
would allow. The professional engagements and absorbing occu- 
pations of most of the members of the Committee prevented as 
extensive a personal canvass as could be desired ; but it is highly 
gwitifying to the Committee to be able to state that, in nearly every 
quarter in which the memorial was presented for signatures, it met 
with cordial approval and was signed without hesitation. 

As it seemed to be desirable that the presentation of the me- 
morial to Congress should take place as early as possible after the 
opening of the session in December, the effort to obtain signatures 
was not persisted in later than that date. Up to that time, how- 
ever, there had been obtained more than eleven hundred names, a 
number already large, in which nevertheless the individual weight 
is more strikingly significant than the aggi'egate total. Copies of 
the memorial with these signatures attached have been printed for 
distribution. It will be seen that among the signers twent3' states 
are represented, and a large pi^portion of the names are easily 
recognizable as those of the most prominent and influential citi- 
zens of the communities to which they respectively belong. Es- 
pecially noticeable is the fact that the educators of the country, 
whether engaged in literary, scientific or professional institutions 
of learning, have largely contributed to swell this list. Among 
this class, the sentiment has been found to be almost universally 
one not merely of passive approval, but of lively interest in the 
object of the memorial. Next to this may be mentioned ttie en- 
gineers, architects, and leading manufacturers of ,our principal 
towns, men whose daily occupations impress them continually with 
the importance of exactness in the measurement of quantity, and 
with the necessity of accurate standards of weights and measures, in 
order that such exactness may be secured. By examining the list 
of these names it will be perceived that this intelligent class of our 
fellow citizens distinctly recognize the fact that the object of the 
International Bureau is one of far higher importance and dignity 
than that of promoting the advancement of any particular system 
of metrology, since there will be found among them the names of 
well-known men who have publicly expressed their unwillingness 
to see the metric s^'stem of weights and measures made com- 
pulsory in the United States. 

Another class of great weight in the body politic, represented in 
this list, is made up of the bankers, merchants and capitalists of 
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our great commercial centres. These, in every instance in which 
the expression of their s^^mpathy has been solicited, have, without 
hesitation, added their names to the memorial. The signatures of ' 
a single city belonging to this class, represent an aggregate of 
more than a hundred millions of dollars. 

It will thus be seen that among the signers of the memorial are 
represented largely both the intelligence and the wealth of the 
country. And the readiness with which these names have been 
given affords a convincing evidence that the sentiment of the 
classes to which they severally belong is everywhere, with a near 
approach to absolute unanimity, favorable to the objects of the 
memorial. 

The ratification of the convention establishing the bureau, should 
it be ratified on. the part of our government, will entail upon the 
United States a certain but quite insignificant expense, first as a 
contribution toward the creation and equipment of suitable build- 
ings, and secondly as an annual subsidy for the permanent main- 
tenance of the institution. The amount is too trivial to be for a 
moment considered, in view of the inappreciable importance of the 
objects to be secured. But were it much greater, it is quite evi- 
dent that the people, by whom this expense is to be ultimately 
borne, are entirely content, not to say desirous, to assume this 
inconsiderable burthen. 

On its presentation to Congress, the memorial of the Associ- 
ation was referred in the House of Representatives to the Com- 
mittee on Appropriations, and in the Senate to that on Foreign 
Relations. In compliance with the invitation of this latter Com- 
mittee, certain members of the Committee of the Association 
appeared before that body, and made statements more fully ex- 
planatory of the nature and design of the proposed Bureau, the 
impression left being apparently favorable. The Senate Commit- 
tee nevertheless delayed its report on this subject, presumedly 
waiting for the action of the Committee of the House on the 
question of appropriation, while the House seemed similarly to 
await the decision of the Senate on the question of ratification ; 
and thus the session of Congress became at length so far advanced 
that it seemed inadvisable to. urge a report liable to be exposed to 
the hazards of hasty and inconsiderate action in the closing hours 
of a protracted session. By the advice of the friends of the meas- 
ure in the Committee of the Senate, therefore, the subject was 
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permitted to lie over niitil after ttie aseeinbliiig of Congress in 
December next, when it vrill come up among the nofiniabed busi- 

In the mean time, however, it is greatly to be desired that the 
ibembers of the Association in all parts of the country should 
bring to bear all the means of influence which they possess to im- 
press the popular mind with the importance of the proposed object, 
and to secure the expression of popular opinion in regaixl to it, in 
modes which may tend to promote its sDCcess. Much may be done 
in this respect, after the excitement of the approaching or actual 
political struggle shall have passed away, and men's minds, ceas- 
ing to be occupied with matters of temporary concern, shall be 
capable of contemplating calmly those of more permanent inter- 
est, by a judicious use of the press. The conductors of our public 
journals may be counted on, almost to a man, as favorable' to the 
objects of the memorial, and many of them, if the subject is prop- 
erly brought to their attention, will undoubtedly lend to the meas- 
ure the support of their editorial columns. All will, without 
question, give publication to properly written communications 
regarding it ; and thus the friends of the measure may, by means 
of a tittle effort, diffuse valuable information in quarters where it 
Is needed, and awaken an active interest in favor of the move- 
ment, where, for no reason but tlie lack of information, such inter- 
est has not hitherto been felt. 

The assent of the government of the United States to the con- 
vention establishing the International Bureau of Weights and 
Measures ia not necessary to the existence of that institution. 
The International Bureau already exists. By the adhesion to the 
convention of the other signatory powers, it has been established 
on a pei'mauent footing ; and all the benefits to the world, to our 
own people among the rest, which it was designed and which it is 
certain to secure, have been provided for beyond the possibility of 
failui-e. The only question for us now to settle is whether, in a 
nerations as one 
ent of peoples, a 
,n any other the 
the people of the 
t is no longer &' 
nerely, which the 
cide ; it is rather 
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a qnestion of national character and of the repute we are to leave 
behind as for national enlightenment. 

Since the presentation of the report of this Committee made to 
the Association at the Deti*oit meetings facts have been ascertained 
at the Bureau of Weights and Measures of the United States in 
Washington, which add materially to the weight of the consider* 
atlons to which the project of the International Bureau was orig- 
inally owing. It has become manlfe^st that s<did measures ^of 
length, heretofore prepared with the utmost x;are, an3 regarded^ 
perfect and' invariable, have undergone, after not a very extended 
period of years, changes sufficiently great to destroy their charac- 
ter as standards, and to render it necessary to resort to new and 
laborious comparisons to determine their errors. Concerning this 
matter, and others connected with this subject, the actual head of 
this Bureau, Mr. Hilgard, a member of this Committee, will make 
a statement supplementary to this report, which will be found to 
possess a novel and very important interest. 

The subject to which, in the second place, the Committee feel it 
their duty to call the attention of the Association, is the confusion 
at present prevalent in the public mind in regard to the principles 
which should govern the creation by law of standards of value. 
In many instances the opinions professed on this subject appear 
to have been formed on the basis of a belief that, being popular, 
they may be made instrumental in secunng some partisan political 
advantage ; and not from any profound study of the principles 
which must control the results of the policy adopted, and which, 
being inexorably fixed in the nature of things, no legislation can 
successfully set at defiance. With the partisan aspects of the 
subject this Committee have nothing to do. They can only de- 
plore that, in a matter so vitally important to the prosperity of 
communities or individuals, any consideration of momentary inter- 
est should be powerful enough to obscure truth, or to predispose 
men to receive the truth unwillingly. 

Money was originally intrednced to facilitate the transactions 
of commerce. Commerce inay be comprehensively defined as the 
exchange of equivalent values. In its earliest stages, commerce 
took the form of barter. In this form it was embarrassed by 
the infrequency with which individuals, desirous of eflTecting ex- 
changes, found themselves in possession of commodities recipro- 
cally acceptable. In order to remove this embarrassment, the 
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expedient was devised of employing a material of well-known and 
universally, frecognized value to serve as a ipedium of exchanges, 
and as a measure of tbe value of all exchangeable commodities. 
Such a material wa^ foufod ip .the precious metals, and hence, from 
a ver}' early antiquity, gold and silver have constituted (he medium 
of commercial exchanges among all nations. From the naturae of 
the exigency which called it into existence, and from that of the 
function which it continues to fulfil, it follows that mone}^ in 
order to be capable of serving as a means of exchanging values, 
must possess a positive value itself. On no other supposition can 
It properly be called. a standard of value. The term standard im- 
plies compainsofiy'siiid «there can.be no comparison between objects 
which do not possess a common, quality. It is usual to apply the 
term money to the promissory notes of banking institutions, or to 
those of the government ; but this is a perversion of language, 
since such notes are not money but only the representatives of 
money, and they are accepted as the •equivalents of money only 
on the faith that the money they represent shall itself be forthcom- 
ing whenever demanded. When such conversion is not promptly 
possible, or when the period at which it may be effected is remote 
or doubtful, these bills of credit will only be receivable in com- 
mercial transactions at a discount which is understood to measure 
the disadvantage of the delay or the hazard implied in the doubt. 
There is no power in legislation to make the promise of a dollar 
the equivalent of a dollar, so long as such promise is not invariably- 
fulfilled on demand, or so long as the time or the fact of the ful- 
filment remains in the slightest degree uncertain. The law which 
makes the greenback notps of the government a legal tender in all 
payments except those of the customs-duties, fails signally to ac- 
complish its object ; and it has done so in degrees varying between 
very wide limits, for the past twelve or fourteen years. This law 
enacts that the government promise to pay a dollar shall be a legal 
tender for the value of a dollar. But as the value of a dollar is 
only ascertainable by reference to the law creating the coin of that 
name, and as such a coin will purchase in ^any market a larger 
amount of any commodity than its legal tender representative, it 
is obvious that, while the letter of the law is observed, its intent 
i&efiectually evaded. The seller who has commodities to dispose 
of, indemnifies himself for the depreciation of the currency by 
marking up his prices. A standard of value must therefore be 
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intrinsically valuable. A perfect standanl,-if such a one could bo 
found, should not' only be intrinsically.valuable,l>ut. in variable in 
value, through succegsive years or centuries. And the usefulness* 
of any medium of exchanges will be greater, in proportion as it 
is capable of .representing a larger value under a given bulk or 
weight. No substance has been found possessing the desirable 
property of a value absolutel^'^ invaluable. This property how^ 
ever, belongs to the precious metals in so high a degree as to have 
secured for them the preference over all other substances for the 
purposes of money. Their variations of. value' hav^ hitherto been y 
80 inconsideraWc and so slow^ as jto have produced no perccptibte^ 
effect upon the tntnsactions of business. But the fact that these 
slight changes have not usually been in th^ aame direction for 
both metals simultaneously, and that consequently the relative as 
well as the absolute value of the two hove been subject to gradual 
fluctuations, has introduced frequent and sometimes serious dis- 
turbances into the monetary systems of those nations in which 
both have been made by law equally standards of value and the 
ihaterial of coinage legal tender for all amounts. 

A coinage founded on what is called a <louble standard, iiiusti 
necessarily assume a fixed relation of value between the two stand- 
ard metals, weightfor weight, or a definite relation of weight, value 
for value. This relation is naturally determined by the ruling 
ratio at which the metals in the form of 'bullion may be purchased 
in the market at the time of institution of the sj'stem. So long 
as these rates remain unaltered, the coins-struck from both metals 
circulate with equal freedom, and no pecuniary advantage can be 
gained by the payment of a debt in one description of these coins 
rather than in the other. But this condition of things is never 
lasting. Every variation of the market rates introduces a new 
relation of actual value between the metals, and generally a rela- 
tion differing from that established by law ; so that it will be found 
almost invariably that, at any given time, a given gold coin will 
purchase more or less silver than the amount of that metal con- 
tained in the silver coins which are at the same time its legal 
equivalents. If it will purchase more, then the coin-silver is over- 
valued, and it will be a paying transaction to exchange silver coins 
for gold, and to export the latter or melt them up and sell them as 
bullion. If it will purchase less, the coin-silver is undervalued^ 
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and it will pay to reverse the operation just described and buy ap, 
for the purpose of melting, or export, silver coins with gold. 

As in this state of things the debtor will always elect to satisfy 
his obligations in the coinage of the relatively cheaper metal, it 
follows that wherever a double standard exists in law, a single 
standard inevitably rules in point of fact ; and this ruling stand- 
ard is that of the metal in which the coins of a given name repre- 
sent the smallest actual value. The consequence is, that the coins 
of the undervalued metal disappear ; nor can any activit}^ of the 
mints maintain them in circulation; since being at a premium 
with the practical standard, they are to all intents and purposes 
demonetized and converted into bullion. Thus the effect of a 
double standard is, singularly enough, to limit the coinage of the 
nation adopting it to a single metal. This may not, it is true, be 
always the same metal ; for in the gradual fluctuations which are 
continually going on in the relations of value between gold and 
silver, it may happen that either of these metals may be alter- 
nately at a premium when compared with the other as a standard. 
In the experience of the world, hitherto, such alternations have 
not often occurred except after considerable intervals of time. In 
case of such an occurrence, it of course happens, that during the 
period of transition there is a moment in which the double stand- 
ard is a reality ; but this condition has the character of an un- 
stable equilibrium which cannot endure. Ordinarily, governments 
have not waited for the turning of the scale through the operation 
of natural causes. In innumerable instances the attempt has been 
made to restore the lost equilibrium by altering the relations of 
weight between the coins of the different metals ; and in making 
these alterations it has been unfortunately true that the more valu- 
able-eoin has invariably been reduced in weight, and not that the 
less valuable has been increased. An illustration of this tendency 
in the history of our own coinage may not be beyond the recollec- 
tion of some of the members of this Association. Early in this 
century, and down to the year 1834, a gold coin of the United 
States was an object rarely seen ; so rarely, indeed, that collec- 
tors sometimes treasured up those coins in their cabinets as curiosi- 
ties. This was in consequence of the coinage act of 1792, which 
fixed the relative values of the two metals in the ralAai>£.^ae to 
fifteen. These numbers express a relation which may have been 
approximately true at the date of the act, but very shortly ceased 
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to be SO, the market ratio between the metals becoming soon after 
n^ore nearly one to fifteen and a half. In this state of things, 
gold coins legally representing the nominal value of fifteen dollars 
melted down into bullion, would sell in the market for fifteen and a 
half legal tender silver dollars, and gold totally vanished from 
our circulation. At length, in the year above referred to, 1884, 
Congress undertook to restore the disturbed equilibrium, and this 
object it accomplished, not by raising the value of the silver coins, 
but by depressing that of the gold. The weight of these was re- 
duced so as to make it almost exactly one-sixteenth that of the 
legally equivalent coins of the less valuable metal. The object, 
as just observed, was accomplished. In point of fact it was somo^ 
what more than accomplished, for the effect of the new statute 
which brought gold into circulation, was at the same time to some 
extent to undervalue silver. Silver coin therefore ceased in turh 
to circulate, except in the form of fractional currency. 

In France the legal relation of value between gold and silver 
has been, ever since the establishment of the metric coinage, as 
one to fifteen and a half. The market ratio has fluctuated in the 
mean time (down to 1876), between the limits, one to fifteen and 
one to sixteen, without ever quite reaching either. The conse- 
quence has been that both metals have been alternately at a 
premium when either is compared with the other. From about 
1852 to 1870, the market ratio was about one to fifteen and three- 
eighths. Silver accordingly almost ceased to circulate. More 
recently the ratio has passed the point of equilibrium, and the 
balance has turned the other way ; there is a tendency of silver 
to circulate to the exclusion of gold. But this tendency has been 
wisely counteracted by the government of that country pai'tly 
by retiring the silver, and partly by putting a limitation on the 
amount of the future coinage. 

Examples of this description might be multiplied almost indefi- 
nitely. They aerve as practical illustrations of the truth, already 
suflScicntly evident. Arom abstract considerations, that the notion 
of a double standard in coinage is a fallacy which experience most 
inevitably contradicts ; that practically at any given time, a single 
standard of value is only possible, and that, wherever, in the con- 
templation of the law, there are two such standards in existence) 
the actual standard will always be that which is fbrnished by the 
metal most cheaply purchasable in the market. It is further ap- 
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parent that wherever, as in France from 1852 to 1870, and in the 
United States during the forty years from 1834 to 1874, silver is 
the metal which is undervalued, it will be found practically impos- 
sible on the double standard system, to maintain in circulation a 
sufficient amount of coin of small denominations to subserve the 
every-day wants of society in the petty transactions of trade. This 
difficulty can only be effectually overcome by creating a silver coin- 
age legal tender only for limited amounts, in which the weight of 
metal shall be so reduced as to make its market value less than its 
legal. Such a coinage may ideally coexist with another of the same 
metal having the full proportion of weight required by law to make 
it legal tender for all amounts ; although this latter, in consequence 
of undervaluation, is practically excluded from circulation. Such 
a condition of things was created in France, Belgium, Switzerland 
and Italy by the quadripartite treaty entei'ed into between those 
powers in December, 1864, by which provision was made for the 
issue of silver coins below the denomination of five francs, of de- 
based standard, and legal tender only to the amount of fifty 
francs, while the outstanding silver coins of full standard contin- 
ued to be legal tender for all amounts. Such also was the case in 
the United States from 1853 to 1874, during which period the 
silver dollar continued to be legal tender for all amounts, while 
the smaller coins were degraded in weight, and were, as they still 
continue to be, legal tender only to the value of five dollars. From 
1834 to 1873 the silver dollar was coined in our mints only in 
small quantities, and was rarely seen in circulation. In the year 
last named its further coinage was prohibited, and in the revision 
of the statutes, completed during the following year, the dollars 
still outstanding were deprived of their legal tender character, 
except to the same extent as the minor coins of the same metal. 

This plan of providing a subsidiary silver coinage to subserve 
the minor transactions of daily commerce was first introduced in 
the year 1816, in Great Britain, and since that time has been ex- 
tensively adopted on the continent of Europe, as well as in our 
own country. 

From what has been said, it may fairly be inferred that the 
principle of a double standard of value in monetary S3^stema is 
objectionable, both because it is practically fallacious, and because 
its inevitable tendency is to degrade the value of the coinage in 
the countries in which it prevails. These truths have in recent 
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years been so generally recognized by the ablest financiers of all 
countries, that in every one of the now somewhat numerous inter- 
national conferences which have been called to consider questions 
relating to coinage within the last quarter of a century, th^re has 
been a decided expression of opinion in favor of a single stand- 
ard, and of adopting gold to serve as that standard universally. 
Already in many countries large steps have been taken toward 
the realization of this result. In some, in which the silver stand- 
ard has not been absolutely abolished, it has been practically so 
by the introduction of a subsidiary coinage, and by stringent limi- 
tations upon the further coinage of legal tender silver. This is 
true of Germany, Holland and the Scandinavian countries, and 
also of the parties to the quadripartite treaty of 1864. France, 
indeed, though naturally clinging to the silver standard, in conse- 
quence of having originally connected her monctar3'^ S3'stem with 
her system of weights and measures by making the legal tender 
silver franc her money unit, and giving to it a metric weight, went 
so far, through her commissioners to the monetary conference held 
in 1869 at the Hague, as to signify her willingness to adhere to 
the gold standard exclusively, provided the other nations repre- 
sented would adopt as their unit the weight of the five franc piece 
of gold. 

Within the past year or two there has been a very large and 
hitherto wholly unprecedented fluctuation in the market price of 
silver. This price has varied, within a period of a few months, 
through a range of not less than twenty per cent, of its original 
value. From its lowest depression it has partially recovered, and 
it now stands about midway between the extreme limits of its 
variation. The causes of this singular phenomenon have been 
variously assigned. It is not necessary to speculate on them here. 
But the fact of its occurrence, and the uncertainty how long this 
instability is to continue, are considerations which must be duly 
weighed, when the proposition is presented to us to restore this 
metal to the place in our monetary system from which it has been 
deliberately and for good reason by law excluded. No quality is 
more absolutely indispensable in a standard than stability of value. 
It is to the possession of this quality in an eminent degree during 
the past centuries, that silver has owed the place it has so long 
occupied in the monetary systems of the world. With the loss of 
this quality, it has lost its claim any longer to hold that place ; 
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and to make it once more, until at least the lapse of a long period 
of years shall have shown (what is very improbable) that the 
present disturbance is bat a momentary accident not likely to be 
repeated, the material of coinage legal tender for all amounts, 
would be to disconcert all the calculations of commerce, derange 
all the operations of business, and entail upon the country wide- 
spread disaster reaching every class of society. 

The committee have no design to exhaust the argument upon 
the subject under consideration. That would require an eitamina- 
tion of the causes which have operated to affect the price of silver, 
the probability of their permanence, and the degree to which their 
action in the future is likely to be regular or irregular. To pursue 
these inquiries would be to distract attention f^om the single point 
to which it is the desire of the committee to draw the attention of 
the Association at the present time. They resei've to themselves 
the privilege of going more fully into the subject at a future meet- 
ing, should not the questions which it involves, so deeply eoncern- 
ing the credit of the government and the general welfare of the 
people, be in the meantime satisfactorily disposed of. 

One point, however, connected with this last aspect of the sub- 
ject, should not be overlooked even in this cursory view. It has 
been said above *that the discount on bills of credit, the liqui- 
dation of which is distant or doubtful, measures the inconven- 
ience of the delay, or the hazard of the ultimate loss. If such a 
bill were immediately convertible into the coin it promises, there 
would be no discount. It would be accepted in business trans- 
actions for precisely that amount of coin; and, because of its 
greater portability, would in general be preferred to coin. The 
greenback bills d credit of the Government, if now redeemable 
* on demand, would be worth one hundred - cents to the dollar. 
The uncertainty in the centres of commerce as to the time when 
they shall be redeemed, or as to the question whether they shall 
ever be redeemed at all, is represented at present by a fluctuating 
discount of from ten to twelve per cent. ; so that the greenback 
dollar is only accepted in the affairs of commeroe for an amount 
varying from eighty-eight to ninety cents. Should the silver 
dollar of 412^ grains of standard metal be made legal tender for 
all amounts, its value at present would be about the «ame as 
that of the greenback dollar at present — say ninety cents — also. 
Theiif if the greenback should be made immediately redeemable. 
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its purchasing power would remain unaltered, or it would continue 
to be worth in the market ninety cents. But if it should not be 
immediately redeemable — if it should continue to be subject to 
the same uncertainty as at present in regard to the time of its 
redemption or the question of its ultimate redemption at all, its 
purchasing power would fall below that of the silver dollar, by as 
large a percentage as it is now below that of the gold dollar ; and 
it would actually be worth as money only from about seventy-eight 
to eighty cents. Moreover, should silver in the continual oscil- 
lations of its value, touch once more the point it reached no longer 
ago than July last, the silver dollar would itself be worth but 
eighty cents, and the greenback dollar would fall to seventy. 

The effect of this sudden degradation in the value of the only 
currency available to our people at the present time, upon the im- 
mediate means of subsistence of all who labor for wages, or are 
dependent on fixed salaries for support, need hardly be pointed 
out. The income of every such person would be reduced by an 
amount which, should silver again descend to and remain at the 
minimum level of the past summer, may be as great as twenty 
per cent., and which certainl}'', should it continue at it^ present 
prioe, must be not less than ten. On the other hand the holders 
of merchandize of every description, including the necessary sup- 
plies of life, in order to protect themselves against loss, must raise 
their prices ; and this, in view of the instability of the standard, 
and the hazard attending possible change, they would be likely to 
do in a greater proportion than that in which the currency is de- 
graded ; so that every man in the country who depends upon a 
fixed income, would find himself doubly straitened — by the dimi- 
nution of his resources on the one hand, and by the dispropor- 
tionate increase in the cost of all the necessaries of life on the 
other. 

In conclusion, the Committee would only add, that the existence 
of a double standard in coinage, at any time and anywhere, has 
been a consequence of a proi^ision of nature quite accidental, ac- 
cording to which two metals, and only two, possess the properties 
which fit them, or have heretofore fitted them, both to be stand- 
ards of value. Had there been three or four or five metals pos- 
sessing equally the same properties, there would, beyond question, 
have been a triple, a quadruple or a quintuple standard. But, in 
the state of things which would have existed on such a supposi- 
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tion, the evils consequent on employing more standards than one 
would, unquestionably, have been recognized at a much earlier 
period in the history of the human race than they have been in 
fact, and the nineteenth century would not have been vexed with 
the questions on this subject which keep the thinking men of oar 
country in a state of so constant anxiety to-day. 

With these remarks the undersigned respectfully submit the 
preamble and resolution appended to this report, and ask for them 
the favorable consideration of the Association. 

v/ F. A. P. Barnard, Chairman, 
y'^ Joseph Henry, 

J. E. HiLGARD, 

William B. Rogers, > Committee. 

t^^E. B. Elliott, 
i^ — ^H. A. Newton, 
y J. Lawrence Smith. 



preamble and resolution. 

TTA^Tfft^, poW and silver, like other gifts of nature or products of hu- 

Hian Industry, ai'e subject to gradual changes of value; and no relation 

*^of values which may be by law established between them can pcrma* 

aently tk^orm to the actual relation existing In the markets of the world ; 

and ^' 



ni 



irAfrfff*. coins of these two metals cannot for any length of time be 
maiutalued In cliTulatlon side by side, when the coinage of both is equally 
tt^ A^om limitation, and both arc made legal tender in payment for all 
mmouutsi and ^ 

}r^<»mw. It Is historically true that legislation, in the endeavor to re- 
•ton^ tlu^ disturbod tH)ulUbrlum between the standard metals, has tended 
tttvarUbly to depiv^t.^ the grade of the coinage in one or the other and 
uUluialvly III both ; and 

)rA<^iY\tsS It Is X\w aim of ewUghtencd goreniments everywhere at the 
forv^cut d»y» whi'thor by the al^v^Uite aK^UtloQ of the doable standard or 
not* tv* mako j:\*UI tor all |*ractical |Hxn*^>ses the single standard, and to 
ifWt^U^y s^lhi^r ch icily or whv^lly as the material of a snlKsidiaiy coinage, 
k^ tv4ldt^r wily lv» IUuUihI amottuis ; and 
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Whereas, the United States after an experience of nearly a century in 
the effort to maintain a donble standard, daring the earlier portion of 
which, under the operation of the inexorable laws governing exchanges, 
gold was completely banished from circulation, while during the later, 
silver of legal tender grade has shared tlie same fatei and after the com- 
plete disappearance of the silver dollar from business transactions for 
more than forty years, have at length, by an act of deliberate and wise 
legislation, extricated the country from this long standing evil and 
adopted gold as the sole standard of value in their monetary system; 

Therefore 

Sesolved, as the sense of this Association, that the single standard of 
value in our system of coinage, now fully established by law, ought to 
be' maintained, and that every proposition to restore to silver the legal 
tender character for payments to all amounts ought to be discouraged. 

On motion the report was received and referred to the Standing 
Committee. 

Prof. Barnard moved that the title of his committee be changed 
to read '* Permanent Committee on Weights, Measures and Coin- 
age." Carried. 
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Fellow Members of the Association — 

Ladies and Qentlemen : — 

I propose at this time, in fulfilling a duty which the honor you 
have conferred upon me imposes, to choose my subject in accord- 
ance with the suggestions of the season, and to speak briefly of 
the History of Astronomy in the United States during the past 
Century, its present condition, needs and prospects. I regret* ex- 
ceedingly that ill health, and the pressure of other imperative du- 
ties have prevented me from giving the time and research really 
necessary for the preparation of an3'thing worthy of the subject, 
the occasion, and the audience, but such as I have I offer, with 
the hope that you will extend to me your kind consideration and 
indulgence. 

Astronomy is the oldest, the most mature and beautiful of the 
whole family of Sciences — that immortal Sisterhood whose loveli- 
ness and vigor only increase with age and lapsing centuries, whose 
eternal youth is beyond the reach of all decay. 

A century ago she was perhaps even more preeminent than now^ 
for at that time geology and chemistry were mere infants, and 

(36) 
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the science of dynamical electricity had no existence. During 
the past hundred years she may, therefore, have lost something 
relatively by the rise and development of other branches, whose 
progress has outstripped her own. 

Yet her own progress has been wonderful. A hundred years 
ago no planet had ever been discovered : the heavenly bodies 
known to science were only the same (excepting the satellites of 
Jupiter and part of those of Saturn) which had been observed in 
Egypt and Chaldea in prehistoric antiquity. 

Observatories and observers were few and far between compared 
with their present numbers, and the instruments employed were 
far below those now used, in power and accuracy. Great things 
had indeed been accomplished by Galileo, Tycho and Kepler, by 
Newton and Halley and Bradley, Euler, Cassini and Clairaut, 
in the preceding two hundred years ; but a new era of more in- 
tense activity was just opening. La Place and La Grange and 
Herschel had begun their work, and were to be followed by Gauss 
and Encke ; Fraunhofer, Struve, Airy and the younger Herschel, 
by Adams and Lcverrier and Pierce, Hansen and Delaunay and 
Newcomb and an uncounted multitude, who each have contributed 
something of importance to the fund of knowledge. 

Since 1776 two great worlds, eight satellites, one hundred and 
sixty-six minor planets, sbme forty periodic comets, and the hosts 
of meteors have been added to the rolls of the Solar System. A 
century ago about one hundred double stars were all that were 
known. Since then some ten thousand have been discovered, their 
ph3*sical connection has been demonstrated and investigated, and 
the periods and orbits of many have been worked oat. The num- 
ber of nebulie and clusters has been increased from less than a 
hundred to more than seven thousand, and their nature and physical 
constitution ascertained. The parallax of fixed stars has been 
measured, their distance determined, and their motions, and that 
of the Solar System, through space have been brought to light and 
to some extent investigated. The sun and stars have been ana- 
lyzed in their chemical constitution, and a host of new and most 
interesting results have been reached by instnunents and methods 
undreamed of a hundred years ago. 

New and more precise methods of computation have supplanted 
the old. The accuracy of angular measurements^ and the delicacy 
of graduation and reading, have been greatly increased. Tlie deo- 
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tro-magnetic methods of recording time-observations have super- 
seded the older fashions. Telescopes have been enorraoasly im- 
proved — refractors almost beyond belief; for a hundred years 
ago not a single one had ever been made with an aperture exceeding 
four inches ; and even fifty years ago the Dorpat refractor of nine 
inches aperture, was regarded as hardly less than a miracle of art. 
Reflectors of considerable power had indeed been built, but the 
great instruments of Herschel and Ramage were not constructed 
until later. 

The polariscope and spectroscope, to which we owe so larg^ a 
part of our limited knowledge in regard to the constitution of the 
beavenly bodies, have both been invented since 1800. 

Altogether we think it may safely be asserted that in no equal 
period of human history, has astronomy progressed so rapidly, or 
so widely extended her domain. 

To this great advance our own country has made her contribu- 
tions, small perhaps, but real and creditable — not by any means 
so great as those of England, France, and Germany, nor so great 
perhaps as might fairly have been expected of a nation where ed- 
ucation has been so widely diffused, and thought and action so 
free ; but still enough to obtain for her a place and honorable 
mention in the history of science. 

The only astronotnical work of any importance done in this coun- 
try before the revolution, was the measurement of the so-called 
Penns3'lvania arc of the meridian, by Mason and Dixon in 1764; 
and the observations of the Transit of Venus in 1769, by a com- 
mittee of the American Philosophical Society. Rittenhouse was 
the chairman of the committee, and the observations seem to have 
been among the best made an3'where, as the weather was perfect, 
and the skill and care of the astronomers concerned fully compe- 
tent to the work. 

During the first half century of our national existence, science 
of every kind was utterly neglected ; astronomy especially seems 
to have been regarded almost with aversion by the popular mind, as 
something aristocratic and unrepublican. When Hassler in 1807 
submitted to the Government the project for the Survey of the 
Coast, it contained a provision for the establishment of an observ- 
atory to supply the needed astronomical data ; but the proposition 
received no favor. The original law authorizing the Survey omitted 
all mention of the subject, and the law of 1832 expressly prohibits 
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any such establishment. In 1825 President J. Q. Adams in his 
first message to Congress suggested and recommended the founding 
of a National Observatory, and in very eloquent language pointed 
out its importance; but the recommendation was received with 
scorn and ridicule. In referring to the observatories of Europe, 
he had spoken of them as ^' light-houses of the skies " and the 
expression was seized upon and made for years a byword of re- 
proach. The prohibition of an observatory in connection with the 
Coast Survey, undoubtedly arose from the partisan feeling which 
hftd been excited by President Adams' suggestion, and it was not 
until 1842 that the National Observatory could be established, in a 
semi-surreptitious manner, as a Depot for Charts and Instruments. 
The same narrow Philistinism is still rampant, though fortunately 
no longer regnant, in the halls of legislation, and on every opportu- 
nity manifests itself in opposing all measures for the encourage- 
ment of Art or Science. The debates on the appropriations for the 
Transit of Venus will be recollected by many as a case in point. 

The only name of eminence before 1836 is that of Bowditch, who 
was born in 1773 and died in 1838. He was undoubtedly a math- 
ematician of great ability. Professor Newcomb has said of him 
that '* there was hardly a man living who was a more complete mas- 
ter of the celestial mechanics of his time," and again that consid- 

• 

ering his circumstances " we can hardly refuse him in genius a place 
alongside of Laplace and Hansen." At the same time Professor 
Newcomb also points out that his original investigations in no 
way correspond to what might reasonably have been expected from 
a man of such ability in Europe, where he would have been stimu- 
lated by intercourse with men of science. His reputation will 
probably always rest mainly upon his translation of Laplace's 
"Mecanique Celeste," a work beautifully done, but of course not 
calling for much originality — nor really of any. great importance. 
His "American Navigator," which after running through almost 
innumerable editions, still remains a standard among all English 
speaking peoples, and even some others, has been of great value 
to the commercial marine of all nations, and deserves especial men- 
tion. 

While, during the period of sixty years our countiy iK)ssesscd 
none who could properly be cjilled astronomere, the love of the 
science, and some knowledge of its state and progress was kept 
alive by the professors in our colleges and other institutions of 



VICE PRESIDENT YOUNG. 89 

learning. The great eclipse of 1806, the comet of 1811, and 
some minor eclipses served also as reminders, and prevented a 
complete dying out of all interest among the people. 

About 1836 affairs began to mend. In that year the first observ- 
atory in the country was built by Professor Hopkins in connection 
with Williams College, and in the next year the second, by Pro- 
fessor Loomis at Western Reserve College in Ohio. Within the 
next ten years, i.e. between 1836 and 1846, the observatories of 
the Philadelphia High School, the West Point Military Academy, 
the Washington Naval Observatory, the observatories of George- 
town, Cincinnati, Cambridge, and Tuscaloosa, and the private 
observatories of Mr. Jackson near Philadelphia, and of Mr. 
Rutherfurd in New York, were all established. In 1836 the only 
telescope in the country of any power, was the so-called Clark 
telescope of Yale College, with an aperture of 5 inches and a focal 
leng'th of 10 feet, mounted on a wooden frame, at the top of a 
steeple ; in 1846 we had eight or ten instruments, of diameters 
varying from 15 inches to 6. During the next ten years the ob- 
servatories of Amherst, Dartmouth, and Hamilton Colleges, of 
Michigan University, the Dudley Observatory at Albany, and a 
number of private establishments were founded, and the number 
and power of astronomical instruments in the countiy was largel}^^ 
increased. Comparatively few of these' observatories it is true 
have ever borne an}'^ fruit, at least directly in the form of astro- 
nomical results : but indirectly, by exciting in the minds of stu- 
dents an interest in the science, they have all had an important 
infiuence, and some — I think I shall be guilty of no impropriety 
in naming especially those of Cambridge, Washington, Ann Arbor 
and Hamilton College — have given to the world results and dis- 
coveries of the greatest value. To the Coast Survey however, 
more- than to any other single organization, American astronomy 
owes her development and triumphs ; not so much indeed by the 
direct contributions of this organization, although these have been 
by no means insignificant, as by its encouragement of the high- 
est forms of astronomical investigation and research. Under the 
direction of Prof. Bache and his successors the Coast Survey has 
always kept in alliance and cooperation, when not directly in its 
service, the best mathematical and astronomical talent of the coun- 
try, and by its judicious subsidies, paid to individuals and obser- 
vatories for astronomical work of various kinds, has, at a small 
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expense, maintained in their service of the science many who oth- 
erwise would have been obliged to abandon it for more remanera- 
tive work. 

The survey of the N. and N. W. Lakes, under the "War Department 
and the various boundary commissions, have exerted a similar, 
though less extensive and powerful influence; and the ^^ Nautical 
Almanac," established by law in 1849, but first published in 1852, 
has also been of great benefit in a similar manner. 

The catalogue of American discoveries and contributions to 
astronomical science, although not very extensive still contains^ 
some items of considerable importance. 

In 1848 Hyperion, the 7th satellite of Saturn (the 8th in or- 
der of discovery) was detected at Cambridge by Professor Bond. 
Curiously enough it was also independently discovered by Lassell 
in England just two days later. 

In 1850 the same observer discovered the so-called dusky ring 
of Saturn, again anticipating an English astronomer (Mr. Dawes) 
by about a fortnight. It is only fair to mention, however, that the 
same appearances which led to the discovery, had been seen and 
described by Galle at Berlin in 1838, although he did not perceive 
their meaning. It is perhaps also proper to notice in this connec- 
tion, that the observations of Bond upon the non-permanent divis- 
ions of the rings, with the mathematical investigations of Peirce 
upon the mechanical conditions involved, demonstrated the fact 
that they were not continuous sheets of any kind, either solid or 
liquid, but composed of discrete particles, some 3*ears before the 
classical researches of Maxwell on the same subject. 

Ten comets have been first seen on this side of the water (six by 
Mr. H. P. Tuttle), and several hundreds of double stars have been 
added to our lists by the sharp eyes and indefatigable industry 
of Bumham, the Clarks and others. The detection of the com- 
panion of Sirius, by Alvan G. Clark with the 18-inch telescope, 
constructed by their firm for the Chic^^o Observatory, is perhaps 
the most celebrated of these discoveries, and was crowned with the 
Lalande Medal of the French Academy. 

Our American observers have, however, been most preeminently 
successful in the discovery of asteroids ; of 166 now known, 49 
were discovered in this country. France follows us hard with 
48, while Germany claims 40, England Id, and Italy and other 
countries 10. The first of the American asteix>id3 was found by 
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Ferguson at Washington in 1854 (Eurynome, the 31st of the 
group), and in 1857 and 1860 he added two others. Pandora was 
found b}'^ Searle at XUambridge in 1858, and in 1861 and 1862 
Tuttle, also at Cambridge, discovered his two. In 1861, Dr. 
Peters, at Hamilton College, discovered the first of twenty-five, 
for which he now stands sponsor, and in 1863, Professor Watson, 
at Ann Arbor, detected the first of his eighteen. The venerable 
Luther, of Diisseldorf, alone comes into competition with the two 
last named gentlemen, standing credited with twenty-one. 

Two of the most important modern improvements in Practical 
Astronomy are of American origin, the Chronograph and the 
Zenith Telescope. The electro- magnetic method of recording time 
has worked something like a revolution, and diminished errors of 
observation at least fifty per cent, in all cases where it is applica- 
ble : it is now used at Greenwich and Berlin, indeed at all but a 
very few of the leading observatories of the world. 

It seems to have been invented nearly simultaneously by several 
persons about 1848, the names of Walker, Locke, Saxton, Mitch- 
ell and Bond, all being prominent in its early history ; but its 
complete development, and its application to. the ascertainment of 
longitudes with a precision before undreamed of, is due mainly to 
the Coast Survey, whose oflScers plume themselves not a little, and 
very justly too, on their recent determination of the difference of 
longitude between Greenwich and Paris, and the rectification of 
an error amounting to nearly a whole second of time. It was 
found that the difference of longitude between Greenwich and 
Cambridge, as determined by the cable operations of 1866, and 
that between Cambridge and Paris resulting from the operations 
over the French cable in 1870, could not be harmonized with the 
received difference between Greenwich and Paris ; so that it be- 
came necessary, in order to reconcile things, to reinvestigate and 
correct this latter quantity, which had already been determined by 
European astronomers of the highest reputation. The result 
makes it evident that the longitude work of our Coast Survey is 
unsurpassed by that of any other observers, and only equalled by 
those who have adopted their methods. 

Hardly less important is the American Method (as it is called 
by many European astronomers) of determining latitude by means 
of the zenith telescope, or the ordinar}'' transit instrument, fitted 
up and used in the manner first proposed and practiced by Profes- 
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Bor Lyman of New Haven. The method seems to have been first 
suggested more than a century ago by Horrebow, an English as- 
tronomer. At that time however it was useless, being impractica- 
ble for want of suitable instruments, and star catalogues of the 
necessary accuracy, so that it was completely lost sight of until 
its introduction by Capt. Talcott in 1834, and its adoption and 
development by the Coast Surve3^ At present the only method 
which, for field work, can compete with it at all, is that of IVime 
Vertical Transits, so much used by the Germans and Russians. 
Probably in precision and the time required for observation, there 
is little to choose; but as regards the ease of observation and 
computation, the advantage is decidedly with the American method. 
As our star catalogues increase in comprehensiveness and accuracy 
the only objections to it are rapidly diminishing, and it grows more 
and more in favor. The parties of all nations depended upon it 
mainly for determining the latitudes of their Transit of Venus 
stations. 

Nautical Astronomy also is indebted to America for its most 
important recent improvement. The "new navigation," as Villar- 
ceau calls it, which is being rapidly developed at present, and 
already, in the French Navy at least, has largely superseded the 
older fashions, is a mere expansion, as Villarceau himself dis- 
tinctly recognizes, of the method of "Circles of Position" first 
.published by Capt. T. II. Sumner of Boston, in 1843. It enables 
the navigator to utilize in determining his place, observations made 
at any time, as well as those taken when the sun is on the meridian, 
a matter of great importance in cloudy weather, and sometimes 
under other circumstances. 

Our American contributions to astronomical literature have not 
been very extensive, but some of them are of value. 

We have already mentioned Bowditch's translation of the *' Mec- 
anique Celeste," and his "American Navigator." We have, later, 
the work of Walker upon the orbit and theory of Neptune ; of Pierce 
upon Neptune, upon the moon, the theory of Saturn's rings, and 
various other subjects; of Ferrel upon the tides; of Gouhl, Hall, 
Winlock, Saflbrd, Stockwell and others upon various topics relat- 
ing to the lunar, planetary- and stellar theories ; and above all the 
medal-crowned works of Newcomb upon the thewies of Uranus 
and Neptune, which have won high honors for American astronomy. 

We have Professor Loomis's-^'PraclicnU AsUx>uomy" (which is 
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largely used in England as a text book), and the more elaborate 
and thoroughly admirab'e work of Chauvenet, undoubtedly the 
best book upon the subject of which it treats to be found in any 
language. Probabl3' also the same may be truthfully said of Pro- 
fessor Watson's treatise on Theoretical Astronomy, which gathers 
into a systematic and accessible form what otherwise could be 
found only by long and wearisome searching through foreign 
journals of science. 

We have the volumes issued annually by the National Observa- 
tory, containing valuable star catalogues and other papers of im- 
portance ; among the most important of the catalogues, if one may 
speak proleptically, will undoubtedly be Burnham's Catalogue of 
double stars, now in press as a supplement to the volume for 1874. 
We have the Annals of the Observatory of Harvard College, in- 
cluding the magnificent monographs of Bond upon Donati's Comet, 
and the nebulaB of Andromeda and Orion ; and in the Coast Survey 
reports we find numerous papers upon various topics of field as- 
tronomy. Our " Nautical Almanac," issued annually since 1851, 
compares favorably in every respect with the similar publications 
of other nations. With the exception of Gould's short-lived " As- 
tronomical Journal," the '• Astronomical Notices" of Brunnow, and 
the still more evanescent " Sidereal Messenger" of Mitchell, we 
have been without any astronomical periodicals. A considerable 
number of astronomical papers of more or less importance have 
however appeared in the publications of our scientific organizations, 
in the "American Journal of Science," and in foreign astronomi- 
cal and scientific periodicals. The popular lectures and volumes 
of Professor Mitchell deserve recognition in this connection, for 
although of little strictly scientific value, they undoubtedly have 
had a powerful influence upon popular sentiment, in bringing 
astronomy into notice and general favor. 

In the organization of expeditions for astronomical work the 
United States has of late 3'ears perhaps done as much as could rea- 
sonably be expected. The first of these expeditions was the Chilian, 
sent out in 1849, under the charge of Lieut. Gilliss, for the purpose 
of observing the opposition of Mars, and the inferior conjunction of 
Venus, in cooperation with our own observatories, thus furnishing 
data for a purely American determination of the Solar parallax. 
The expedition was successful, though it must be admitted that its 
results are of less weight in settling the final value of the parallax 
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than was hoped. Perhaps its most important outcome was the 
arousing of an interest in astronomy among the Chilians, which 
led to the purchase of the instruments by their Government, and 
the founding of a permanent observatory, whose work, from the 
peculiar geographical position of the institution, is of especial 
value. In passing too we may note that the Argentine Observa- 
tory at Cordova, though not originating in precisely the same 
manner, is yet a daughter of ours, and while it remains under the 
direction of Dr. Gould, and his American assistants, we may fairly 
claim for American astronomy an interest and share in the laurels 
she is winning. 

The next astronomical expedition of any Importance was, I 
think, that sent by the Coast Survey to Labrador in 1854, to ob- 
serve the eclipse of that year. In 1869 a large number of parties, 
some organized by the Coast Survey, some by the Nautical Al- 
manac office and the National Observatory, and some by private 
enterprise, observed the eclipse of that year, and obtained results 
of importance. In 1870 the Coast Survey and National Observa- 
tory again sent eclipse parties to Spain and the Mediterranean. 
In 1872 two parties were sent, bj^ special appropriations, expended 
under the direction of the Coast Survey, to elevated stations on 
the line of the Pacific Ilailroad to investigate the astronomical 
advantages of a high altitude. In 1874 the Transit of Venus oc- 
curi^ed, and the United States took the field with eight parties, 
which in the completeness and effectiveness of their astronomical 
equipment certainly compared favorably with those of any other 
nation. It is too eBx\y as 3'et to pronounce upon the accuracy and 
value of their observations, but it is believed that they will prove 
satisfactory. The Coast Survey of course has astronomical parties 
continually* engaged in the determination of latitudes and longi- 
tudes ; and among these the chronometric expeditions of 1849 and 
1855^ with tlie telegraphic parties of 1866, 1870 and 1875 for 
determining the difference of longitude between Europe and this 
count ry> deserve special mention. At present also a naval party 
in the Caribbean sea is engageii in similar work of great impor- 
tance to navigation. 

In the department of Astronomical Physics we have also accom- 
plished something. The investigations of Olmsted, Twining, 
Kirkwooil and Newton hold an important place in the history of 
Meteoric Astronomy* Celestial phot<^raphy originated in this 
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country with the experiments of Bond in 1849, and no one has yet 
gone beyond Draper and Rntherfurd, or even equalled the latter. 
Something has been done with the spectroscope bj' the lamented 
Winlock, Harkness and others. Some very beautiful and delicate 
work upon the cotistitution of the solar surface, and the distribu- 
tion of its radiation has been recently published by Professor 
Langley ; and the work of Mason upon certain nebulae as long ago 
as 1839, and the more recent work of the Bonds, Trouvelot, and 
Holden on the same subject must not be passed without notice. 

In the construction of astronomical "apparatus of precision," 
comparatively little as yet has been accomplished in the country : 
though some small field instruments of great excellence have been 
constructed in the shops of the Coast Survey at Washington, and 
by one or two makers of surveying and nautical instruments in 
New York and Philadelphia. But in the construction of tele- 
scopes our American makers are, to say the least, unsurpassed. 
The number, magnitude and excellence of the great refractors, 
made by Clark and Sons of Cambridge, have secured them the 
first rank among opticians, and their instruments are now found 
in all parts of the world. The great telescope at Washington, 
of 26 inches aperture and 36 feet focal length, with its sister, 
the McCormick telescope not yet mounted (though optically com- 
pleted), are the two largest and finest refractprs in existence. The 
same firm also made th^e Chicago telescope of 18 inches aperture, 
and have constructed six others with apertures of between 11 and 
13 inches ; besides a host of smaller ones from 10 inches down. 
Some of the best work of Dawes and Huggins in England was 
done with their object glasses. Some other large instruments with 
apertures of about 12 inches have been built by Fitz and Spencer; 
among them the telescopes which in the hands of Peters, Watson 
and Langley are doing such good work. Indeed, the only foreign 
telescopes in the country of much value are the great 15 inch 
refractor of the Harvard College Observatory, the 12 inch instru- 
ment at Cincinnati, and the 9 j inch at Washington, all from the 
establisiiment of Merz at Munich. These, with about half a dozen 
of smaller size from the same makers, were imported before 1850. 

In the line of reflectors we have done very little comparatively, 
although the first American essays at telescope-making were in 
this direction, by Mason, who in his observations on the nebulae, 
to which allusion has been made, used an instrument of his own 
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construction. Holcomb afterwards built several instruments of 
some power. The only one of much value in the country at 
present, however, is the magnificent silvered glass Cassegrainian 
of 28 inches diameter, constructed by Dr. Henry Draper of New 
York, and mounted in his private observatory at Hastings. 

From this hasty review of our past astronomical history and 
achievement, which I hope has been written in an impartial and 
sober spirit, avoiding on the one hand all overstatement or claim 
of what is not our due, and on the other a disposition to depreciate 
and undervalue what has really been accomplished, I think we 
may justly entert>ain a certain amount of honest pride in our record ; 
there is room, however, for a still more abundant humility, if we 
enter into detailed comparisons between our own scientific achieve- 
ments and those of other nations. American Astronomy has not 
yet passed its infancy. 

I must limit myself to brief remarks in speaking of its present 
condition, needs and prospects. 

We have in the different states something over thirty establish- 
ments which bear the name of observatories, and the majority of 
them are fairly equipped with instruments — they need principally 
men and funds. Most of them are connected with our colleges or 
other institutions of learning, and are under the charge of some 
overworked Professor whose time is completely filled, and his 
strength burdened to the limit of endurance, by the routine of daily 
class instruction. He has no assistant, and there is no fund at his 
disposal to enable him to procure new instruments, to pay comput- 
ers, or to publish any result he may have reached. In most cases 
he has come to his position by a promotion from some other chair, 
and without the .thorough mathematical training which he ought to 
have had to make him really eflScient as a man of science. Under 
these circumstances, all the use of the observatory and its instru- 
ments is merely to exhibit to the students of the institution a few 
of the more striking, telescopic objects, and to keep the chapel 
clock to time. Original work is out of the question. To make 
a college observatory of any benefit to science it must be sufficiently 
endowed to enable its director to be free from the drudgery of 
teaching (it will not liurt him at all to be obliged to give a certain 
limited amount of instruction), and to furnish all needed improve- 
ments, assistance, and the means of publication. It is a fair 
question, however, whether such an observatory, equipped and 
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manned for scientific work, would be any more effective as part of 
the teaching apparatus of the college than the present arrange- 
ment. The observatory of instruction needs no great telescope or 
meridian circle, but it docs need and ought to have, the transit, 
fitted for use as a zenith telescope, the sextant, clock, chronom- 
eter and chronograph, 

A few of our observatories however are effective, and stand fairly 
on a level with the other great observatories of the world. The 
establishments at Cambridge and Washington may justly be classed 
with Greenwich and Poulkowa. Some half a dozen othev observa- 
tories also, though not so continuously active, send out good work 
from time to time, especially those at* Clinton, Ann Arbor and 
Allegheny City. The Dudley observatory at Albany and that at 
Chicago, have been cramped and hampered by want of funds, but 
it is hoped that the difllculties in their way will be removed, and 
that they will soon again become active. In the near future it is 
expected that splendidly endowed and equipped observatories 
will be established by Yale College and the University of Penn- 
sylvania, and it is to be presumed that they will be so organized 
and manned as greatly to reinforce our scientific strength. Then 
there is the magnificent donation of Mr. Lick, which, properly 
managed, will give to California an observatory whose income and 
equipment is rivalled only by the great Government institutions 
of Europe. It is to be hoped that this observatory will take 
advantage of the pure atmosphere of its mountain site, and provide 
especially for the cultivation of astronomical physics, and solar 
physics in particular, which at present is insuflficiently represented 
in our country. One of the most encouraging signs of the times, 
is this, that private individuals of more or less wealth and leisure, 
are beginning to give themselves to astronomy. To Mr. Rutherfurd 
and Dr. Draper of New York, and Mr Burnham of Chicago, Amer- 
ican science is already greatly indebted : may others follow their 
example; so that we may have what England has possessed in 
her amateurs, who have won for themselves and their country 
undying fame. 

At present, as Professor Newcomb has pointed out, perhaps the 
immediate want of our American Astronomy is that of an Astro- 
nomical and Mathematical Journal of high order. Such a journal 
would have an influence upon our students and teachers like that 
of the " Astronomische Nachrichten" in Germany, and though 
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probably its circle of contributors and readers wonld be bat snudl, 
it would immediately and rapidly raise the tone and standard of 
astronomical work. A chief difficulty in the way of its establish- 
ment is that it would be pecuniarily unprofitable : another is the 
difficulty of finding a suitable editor. If, however, some wealthy 
patron of science should sufficiently endow such a publication the 
editorial difficulty could of course be overcome (if necessary by 
importation), and in my judgment, he would by such an endow- 
ment give a greater impulse to science among ns than woold be 
possible by the same expenditure in any other way. 

As to the future of American science perhaps I am sangnine : 
but I fully believe that our free institutions are favorable to the 
highest scientific development, and that during the coming cen- 
tury our nation will take her place among the leaders of scientific 
progress. All signs seem to me to point that way. To be sore 
there must first be a great change in the spirit and temper of our 
students, and in the estimate of purely scientific work by the 
commnnity at large. But the change appears to have already 
b^;un. An increasing number of our young men are willing to 
take the time needed for thorough training, and prefer the porsoit 
of truth to the mere getting of money ; so that we have growing 
np among us a crop of young mathematicians who, in ability, will 
undoubtedly equal their predecessors, while in numbers, culture, 
incentive and opportunity, they have greatly the advantage. Our 
Universities are broadening and deepening their scientific and 
mathematical coorses, and providing for postgraduate studies. 
Some of our men of wealth are finding in science a career and 
opportunity of honorable distinction more satisfactofj than any 
other. Our public men are more ready to aid ns in obt:uning 
reasonable assistance from Government when needed. In short, 
everything seems to me to indicate progress, which since its be- 
ginning in 1836 has been nnintemnpted^, and is likely to continne. 
Therefore, I augur weU for the future^ and am confident that if 
the record of the centnry past can be called hononble, that of the 
oentory to come is to be glorious. 
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So3iE Remarks on the use and interpretation op particular 

INTEGRALS WHICH " SATISFY " (;ENERAL DIFFERENTIAL EQUA- 
TIONS EXPRESSIVE OF DYNAMIC rROBLE»;S, IN CASES AVIIERB 
GENERAL INTEGRATION IS IMPOSSIBLE: SUGGESTED BY La- 

place's dynamic Theory of the Tides. By J. G. Barnard, 
U. 8. Army. 

Laplace commences the applicalion of his general conditional 
equations to the actual tidal developments with the remark : 

''In the general case the integration of eq. [2380]" (Bowditch) 
" surpasses the power of analysis ; but to determine the oscilla- 
" tions of the ocean it is not necessaiy to integrate it generally — 
" it is sufficient merel}^ to satisfy it. For it is evident that the 
" part of the oscillations which depends on the primitive state of 
'* the sea, would have quickly disappeared by resistances of differ- 
" cnt kinds; so that were it not for the action of the sun and 
"moon, the sea would long since have assumed a permanent state 
"of equilibrium. The action of these bodies continually disturbs 
" it, and it is sufficient to ascertain the oscillations which depend 
"on this* action." 

The above may, I think, be paraphrased and amplified thus : 
Given any initial condition (or '^ primitive state") of form and 
motion of the waters of the sea, the ''general integral" should 
inform us what, at an}^ future time, that form and motion will be, 
as resulting from this primilive state and ("resistances of differ- 
ent kinds" abstracted) the attractive forces of the sun and moon ; 
but since, through these resistances, all initial disturbances would 
speedily resolve themselves into the condition of equilibrium, we 
need seek only to find that parUciilar disticrbance which, once im- 
parted, would, by the action of the foreign attractions (abstra'jting 
resistances) be permanenlhf maintained. 

Such is the problem of Laplace ; but the real problem, is this : 
Since all initial disturbances speedily vanish, therefore a state of 
equilibrium may be assumed as the " primitive state of the sea ;" 
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— and the problem becomes, " from a state of equilibrium to find 
what at any future time would be, subjected to the action of the 
foreign attraction, and of resistances of different kinds, the form 
and motions of the sea. 

The "oscillations which depend on the action" of the attracting 
bodies (their initial importing being really implied, and resistances 
neglected), are not really tlic tidal oscillations, and can only be 
accepted as the nearest appro:simations attainable to the solution 
of an insoluble problem. 

The expressions for the rise, angular displacements^ n and v, in 
latitude and in longitude due to the diurnal tide given by Laplace 
(vol. 2, Bowditch), are 
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.in which L is the mass of the attracting body (sun or moon) ; r 
its distance from the earth's centre, v its declination, v'' its right 
ascension, the polar distance of the particle of water, considered 
as part of an ocean covering the \Ahole globe the depth of which 
is /(I- qcos^O). It must be remarked that r. v. and v'' J^ic re- 
garded as constants ; that is, the forniuliB express the tide as It 
would be had the attracting bodies no proper motion. 

ctf, the longitude of the particle counted from a fixed meridian 
on the earth's surface 

n, angular velocity of earth's rotation ; the time, f, being reck- 
oned from the passage of the celestial meridian from which the 
right ascension *l^ is counted. 

y, the force of gravit3'^ 

/s ratio of mean density' of the earth to that of water. 

Sai'tli's radius token as unity; and its oblateness disregarded 
as it affects the distribution of the attraction of L, or the amount 
of the displacements ; though, of course, to the undisturbed fluid 
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surface must be attributed the form of equilibrium which is re- 
quired by the forces g and (centrifugal) n^. 

The depth of the ocean (at the equator) is invariable with lon- 
gitude, but decreases (g being positive) with increase of cos^ 6 
from equator to pole — increases if q be negative. The difference 
between greatest and least depth (equatorial and polar) is = Iq, 

An attentive examination of the expressions (6) and (c) will 
reveal the fact that the displacements in latitude and longitude of 
the particles of this fluid envelope are exactly as if it were a solid 
envelope possessing that extremely slight degree of flexibility 
required (in case the surface of the nucleus be spheroidal and not 
truly spherical) to adapt itself to change of position. 

This may also be shown by reference to the expression (a) for 
rise and fall. Putting the variable depth Z (1-g cos^9) =}'; and 
supposing to receive a small increnjent AO, The increment J/', 
of depth thereto corresponding is 

(^) j^ = ^^e = 2lq sinO coaOJS 

Now a particle of which the polar distance is when undis- 
turbed, undergoes a tidal displacement in latitude, w, expressed 
by (6). Tiilve tliis vahie of A8, substitute it in the third menjber 
of ((i), and the result is identical with (a). In other words the 
rise of the diurnal tide (a) as it is determined by Laplace, is 
nothing more than what is due to the slipping, as a solidj of Uie 
fluid shell over the surface of the nucleus. 

Hence, if the fluid sliell be of uniform thickness (depth) there 
will be 710 rise or fall of tide, accompanying the diurnal tidal dis- 
turbance of the ocean. 

But according to the dynamic theory the vertical disturbance is 
due to two causes (of which the equilibrium theory takes into ac- 
count but one), viz. : 

1st. The foreign attraction. 

2d. The pressure arising from the thereby induced motion 
(currents) of the fluid. 

It is obvious, therefore, that since, with uniform depth, there is 
no diurnal vertical disturbance, these two causes must be opposed 
to, and exactly neutralize each other. 

Moreover, when the depth is not uniform, the diurnal tidal rise 
(or fall), as expressed by (a), is solely owing to shifting of place^ 
and the 2d of above category of pressures must not only neutral- 
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ize the foreign attraction, but also sustain the abnormal height. 
These two propositions we shall find likewise to be deducible from 
Laplace's expressions (a), (6), (c). 

Referring to Aii^ "Tides and Waves" §87; or to the writer's 
more detailed rationale (Anier. Jn'l Science Vol. 27, 1859, i>. 353) 
we find (jf>'" being the pressure generated by the tidal motion) 

-jr = — -arr + ^ri8in0cos0-j^ 

Deducing •— and -^ from (6) and (c) and substituting in above 
and integrating : 
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Now the pressure due to the abnormal elevation will be ex- 
pressed by (d) or its equivalent (a) multiplied b}' g. Subtract 
from this product the expression for the diurnal component of 
solar attraction (as given by Laplace) 

or 

(/) '-^ sin V cos V sin cos cos {nt -^ w — v'O 

and we get a result identical with the above value (c) of p'". 

If, in (e), q be zero; in other words if the depth be uniform, 
we have 

p'" =1 ^ sin V cos V sin cos cos {nt -\^ o) — (/>) 

which, with the reverse algebraical sign is equal to that (/) the 
disturbing force generates ; and neutralizes it. 

The expressions {n)j (6), (c), of Laplace are thus shown to 
satisfy (as they should) the conditions ; but I have taken the pains 
to demonstrate this fulfilment, because I have shown that, regard- 
ing the water by itself^ there are really no currents in it. The 
actual tidal currents are the motions of the parts of the quasi 
solid watery shell with reference to the uudcrlying parts of the 
really solid nucleus. It remains to be said that this peculiar rela- 
tive motion implies simply a displacement of the axis of diurnal 
rotation of the quasi solid shell— i. e. — an angular separation of its 
diurnal rotation-axis from that of the nucleus, which, at least for 
the entire range of values of expressions {a) (h) (c) retaining 
their approximate truth, is very slight. The an^lo is analytically 
expressed by putting, in (6), cos {nt + r» — v') = unity. Indeed, 



BT J. G. BARNARD. 58 

for all unifoi'm depths whatever (within the narrow limits in which 
the forraiilffi hold good), the angle of separation would be ex- 
pressed by the ratio of the diurnal function of tlic disturbing force 
(^) to the centrifugal force n% i. e. by -- ' "J^^"'' which, for the 
son alone, in its maxitnutn declination, is about 1^ seconds of are : 
for the moon (alone) twice that arc. 

What precedes refers only to the diurnal tide. We know tliat 
the disturbing or tide-producing influence of the sun or moon is 
expi'esaed by three harmonic terms, t,wo of which, lend to produce 
in the fluid surface of the earth, the two forma of sphericnl bar* 
monies indicated by Figs. 1 and 2 ; and these are, identically, the 

Fig-B. 




forms of the corresponding tidal developments in the "equilib- 
rium" theory. P P' (in both figures) is the axis of the earth; 
£ E the equator; the attracting hotly (on llie riglit and in the 
plane of the paper) being supposed to have a northern declination, 
V. The shaded portions are bulged, the light portions depressed ; 
the two meridional great circles P e P' being neutral lines in Fig. 

1, while in Fig. 2, the one meridian P e P' and the equator itself 
are the neutral lines. Fig. 1 is the semi-diurnal disturbance ; Fig. 

2, the diurnal. As the earth revolves on its axis these foi-ma. 
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■It Is IntDTOEting to rem.irk Ihnt. for it 
eUipsoiil of cqiinlarinl oblatences itiiet 
dliiniRl lUetoi'tlon (aliown My Fig. 2) Ind 

dinsmni) ■nensDi'cil bjr litentlcaUy the snme ox|>roSFion. Itiit in Itio iHttcr ca>e tha 
relntlve motion (range of motion or pnrtlulos from norinnl |ioeiHoii) Is very m.iuh lea*, 
tbe Uistoi'Lion being eOteclod by a much smaller tilting (the nbovo angle multiplied by 
tBice the tlliptkily) or the iinrnlleU of Litltmle (plnnea of •IliimnI rutnUon). Sneb » 
tilting will prodiica the rotation of figure reqiiii-cil ani) itiaghon-n by me (Addendum 
to ProbloniB of Kotalion, Vol. nix, 5ni1tlie.Conlrll»itian) ns roeiilting frnm Mr. Hop- 
kins' InTOStignUoD IbaC tliis ii Uio real cliaraelev of die very slight iutemnl motion of 
Cbe fluid lo accommodate Itself to the required external /arm. 
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to maintain their relation to the motionless attracting body, 
should move (relativelj') around that axis. In Fig. 1 the axis of 
symmetry of figure coincides with the axis of rotation — whereas 
in Fig. 2 the axis of figure (an equatorial one perpendicular to the 
plane of the paper) is in the most incompatible position possible 
for such a relative motion. To adapt itself to the earth's rotation 
about an axis co-incident with that of its own figure, the motion 
required of Fig. 1 is a true " forced wave " motion, running from 
east to west, for which the foreign attraction supplies the needed 
force ; whereas the motion demanded for Fig. 2, is in direct conflict 
with that, wliich, to maintain this figure as a wave, should be 
given. It may, however, be regarded as what is called a " sta- 
tionary wave," the development of which is meridional^ i.e. one 
which, on the same meridian, alternatively rises and falls in the N. 
and S. hemispheres, the equatorial elevation remaining constant: 
the x>lia8€8 progressively varying from one meridian to another. 

But the " particular integrals " for both cases by which to ex- 
press the tidal rise and displacements (in latitude and longitude) 
are all wave foims, such as, -ff cm (^' ^ + -^) which (disregarding 
the proper motion of the attracting body), become, for the semi- 
diurnal tide 

(g) K'^r \2nt + 2 cj — 2 if') 

cot i 

and for the diurnal tide 

(/) K'^^\nt + io — </') 

in which last (/), the values of ^for the diurnal fide are made 
manifest in (a), (6), (c), for each particular expression. 

The resulting wave for the semi-diurnal tide, as it results from 
the dynamic theory, if the depth be suflSciently great, has the 
same general configuration as in Fig. 1 , and all the characteristics 
of the disturbing influence itself. It is & forced wave which travels 
with the disturbing influence and is maintained by it — but mathe- 
matically speaking it implies an initial condition exactly conform- 
ing. 

Nevertheless, since the disturbing force would actually maintain 
(resistances abstracted) this wave, we may suppose the actual wave 
approximates very nearly to this theoretical determination : since 
when generated, the resistances (friction, etc.) are i^garded as 
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small compared to the generating forces. But the case is quite 
different for the diurnal tide. Could the motions leading to the 
tidal developments (a) (6) and (c) be generated by the disturbing 
force? The following remark aids in answering this question. 
When a fluid moves as if it were a solid, the laws of motion of solids 
to a certain extent apply. 

Regarding the fluid shell as a solid of revolution enveloping the 
nucleus, there is no tendency to disturb the direction of its rota- 
tion-axis — for a study of the expression for the diurnal term of 
the attractive force (and of the graphic delineation of its distribu- 
tion in Fig. 2) shows that it can produce no couple. (In reality, 
when the ohlateness of the earth is considered this diurnal term is 
the only one which does produce a couple, i. e., that which causes 
the precession of the equinoxes : but in tidal theories the ohlate- 
ness is disregarded.) All that can be said of it is that if the 
change of direction were initially established, the relative motion 
would maintain itself the foreign attraction maintaining the quasi 
solidity, by everywhere neutralizing the pressures the motion of 
the fluid would generate and thus preventing internal strains. 

An initial establishment of this motion is therefore implied. It 
may be argued however — it may even be admitted — that, since 
such motion, probably a minimum, fulfils the conditions, that 
which would at first be generated (considering the phenomenon as 
having a beginning) would, through the resistances of friction, vis- 
cosit}^ etc., resolve itself into this. But there is no such thing in 
the nature of this case as the prolonged uniform action needed. 
The required amount of angular separation of the solid nucleus 
and g?m6i-solid shell varies incessantly with, and nearly in propor- 
tion to, the declinations,^ positive or negative, of the two attract- 
ing bodies (sun and moon) and is sometimes a sum, sometimes a 
difference according as their distinct requirements are in unison or 
in conflict. The axis of rotation of a solid cannot be shifted 
without producing internal strains ; whereas it is the essential con- 
dition that a fluid may move as a solid, that there be no internal 
strains. What in a solid would be strains (in the case in hand) 
would, in the fluid, as pressures, appear as tidal rise and fall. 

When Iq = ; -^ ; or when the difference between equa- 

2(7(1-^) 

> It varies as Hn v ca« v, or as the tin 2y : 
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torial and polar depth is about sieven miles (JiaJf the oblateness, 
nearly) oil the dynamic force of the fluid motion is consumed in 
maintaining the corresponding abnormal heights due to the slip- 
ping of the fluid shell — leaving none available to counteract the 
foreign attraction ;3 no amount of velocities (and displacements) 
suflSces and the expressions (a) (6) (c) become infinite. As their 
truthfulness is subject to the condition of their being smallj this 
result shows that there is a considerable range of values for Iq 
not very much greater than the depths of our actual oceans 
through which this particular solution, if it were otlierwise unex- 
ceptionable, has no applicability and for which we have no clue as 
to what the tidal development would be. 

For the semUdiurnal tide the values of the coefficient /rare de- 
terminable for a continuous ocean of uniform depth, if the changes 
in right ascension, declination and distance, of the attracting 
bodies be disregarded, as also the density of the water in com- 
parison with that of the earth. In that case the coefficient K of 
(gr) for tidal elevations, has been developed by Laplace into a scries 

A^'^ sin^ + A^'^ sin^ + A^'^ sin^ . . . . &c., 

in which A is the ratio of the semi-diurnal function of the dis- 
turbing force to gravity i.e. 

A^ ' = 7-77: cos^ V 

while A is t/ideterminate ; and the remaining coefficients A^ ' 

A etc., are determinate linear functions of these two, expressed 
by the equation 

(70 0=A^^'^'\2p + 6f)^A^^'^'\2P + Sf) + ^-J^A^^^ 

Taking the above value for A^ ; retaining the symbol A^ ^ to 
represent any arbitrary value ; determining by (h) the others in 
terms of these two, we should have an expression, in series, 
for the tidal rise, made up of two sets of terms one of which has 

• There Is a corrcspondlnjif case for the semi-rlinrnal tide (when (g = 1) the depth Is 
represented by I «u'0, or is I at the equator and zero at the poles. When 1 = 7 miles 
(nearly; the exprci^sions for the tidal elevations bcsomc infinite. The inclination of 
the ocean bottom has the same effect as in the corresponding case of the diurnal tide. 
Willi I ^'catcr than 7 miles the crests of high and low semi-diurnal tide ai*e in their 
normal relation to the attracting body. When less they are revttrsed. 
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for coefficient the disturbing (or tide-generating) force A (which 
disappears if that force has no existence) ; the other has for 
coefficient the indeterminate or arbitrary qnantity A' — which 
terms having no dependence upon a distnrbing force evidently ex- 
press a peculiar //'ee wave semi-diurnal in its piiases, which, once 
put in motion (L e., initially established) may exist, resistances of 
friction, viscosity, etc., abstracted, not only independently of the dis- 
tnrbing force but simultaneously and cumulatively with the "forced 
wave" expressed by the terms in 'A^ \ But this free wave '* is one 
of the oscillations which depend on the primitive state of the sea," 
and which " must quickly have disappeared by resistances of vari- 
ous kinds." I therefore omit entirely all terms having -^1' ' as a 
coefficient (which is equivalent to putting -^r '^ = 0) ; and I find 
for expression of tidal rise * 

* Mr. Aii*y has somcwhnt sharply criticised Lnplace for the iinwarrantod Inferenco 
that /f (') is subject to the law governing the Bnccceding coeffi.'ients, expressed by tlie 
equation ChJ. I think the above remarks justify my piirtinl concurrence. But Mr. Airy 
retains Lnpl.ice'rt dcveloi)meuts (with (A^) thus determined); which only «'imounts to so 
much i crease to the coolUcients of the arl)itrary seriort which ho adds, nnd snya 
Lnplnce '* ought to luive added to tliis series'' Uie very terms winch I (as stated in the 
text) Jiave omitted, as expressing what Laplace, at the outset, in language I Imvo twice 
quoted, ruleil out. Tliesc remarks seem necessary to explain why in formula (i) I use 
an expression not only different from L:iplace's, but also from Mr. Airy's correction. 
Mr. Airy remarks that, through tlie indeterminateness of i4(«), the condition maybe 
imposeil that the meridional component of tidal motion bo nothing for a prescribed 
latitude— i. e., that "an east nnd west barrier following a parallel of latitude be erected 
in the sea;" or in other words that the ocenn be bounded north and south of the 
equator by shores foilowing certain paralleK^. This mu-^t be admitted; and Wsewise 
that to accomplish it, one of tliose " quickly disappearing" initi U o.scillations {i. e.^free 
waves having the A{}) coellicients) is involved. It may, however, bo nlleured tliat the 
"barriers" introduced supply the /orc€» by which a new and corresponding form of 
"forced waves" would be maintaiml. Compared with ocean dimensions the effect or 
force exerted by the solid barriers would be felt to but a trifling dist:ince; and I am of 
opinion that elsewhere the enduring tidal development would bo the same as befurc. 

One further remark may bo made. The Ai^) terms i*cprosent an absolutely '* ft-ee'* 
wave, inasmuch as it can exist even though there be no send-diurnal distorting force. 
They also represent an oscillation which when superimposed upon the " forced " wave, 
the tico together " satisfy" the conditional equation (as the latter does singly). As in 
the case of the diurnal motion on which I liave commented, this superimposed oscilla- 
tion (absolutely arbitrary in the marjniludeot its development) is neither generated nor 
maintained by the disturbing force. To the former, however, the external force is in- 
dispensable in order to suppress the strains which would mar the quasi-solidity of the 
water (and the «c//-maintc>nance of the motion); but tlie latter is absolutely independent 
of such force. I cannot doubt that I am right in my position that this latter would 
(through resistances) speedily disappear and settle down to the dynamic "equilibrium" 
expressed by the terms in j4(^): in other words the "forced" wave alone: nor that, 
though it " satiir'fies " the conditional equation.it should form no part of the soluiion> 
either in the disguised form in which Laplace has iulroducod it; or in the explicit form 
given it by Mr. Airy. 
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(0 ^0 ^^^^ ^S**"^ ^ - i 5 *^'^' ^ - ^ S *^'«' ^ 

/21 1 n'\n» ^. ,0^ /231 1 «'\ «» . ,« ^ 

(}_ l_nli L jnL\!^»i ua 

\li 3U0lg~*'2r2^ Pff^' Iff 

etc. • . . >co9 {2fU 4- 2m — 2 ^) 

The expression above is not^ easj' of interpretation. 

In (0, ig = 2?9 ('*^^^o o^ centrifugal force at the eqnator to 
gravity). Hence j- =z 1 when the ocean depth I is fourteen miles 
(nearly) ; ]> 1 when I is less than that depth ; and vice versa. 
Even when the depth is small the series is rapidly converging in 
terms of sin 0; hence for all latitudes somewhat removed from the 
equator the semi-diurnal tidal rise is essentially the same as that 
expressed by the equilibrium theory be the depths great or small 

1.6. 

j^5— cos^ V sin^ cos {2nt -f- 2 w -|- v'')- 

And the same dictum is probably applicable to all latitndes, even 
equatorial, when / is sufficiently large. 

Th^^Aanges of declination of the attracting bodies alter nothing, 
in this case, but the irdensity of the semi-diurnal component of the 
foreign attraction and indeed this intensity, undergoes but slight 
changes.^ The precise amount of rise and fall and the velocity 
and range of tidal motion are thus varied — but (for any given 
depth of ocean) their distribution is not altered. There are no 
such conflicting effects as are found in the demand for a shifting 
axis of rotation. Hence we may admit that by continued sub- 
jection to the foreign attraction the ocean would conform itself, in 
the main, to this configuration implied by the particular integral, 
especially if it can be proved that this configuration involves the 
least possible motion. But it must be borne in mind that, even 
with this concession, the tides thus expressed are not reall}* the 
tides of nature ; they are theoretical oscillations, abstracting resist- 
ing forces, and implying initial conditions. The latter are geneixtted 
disturbances ; (generated from any arbitrary initial displacement 

■ It varies as cos 'V, and never fallin^f short fbr snn or moon separately of 85 per 
cent, of its max. value; the variation is very much greater \rhen the jotnt action is 
considered. 
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we maj', within limits, imagine) and limited in some degree in 
their development by the resistances. 

In conclusion I would remark that the resort (compulsory) to 
particular integrals which '* satisfy" the general conditions, does 
not (in a theoretical point of view) dispense with initial condi- 
tions, as Laplace's remarks would seem to imply ; but they are 
the expressions for a form of disturbance which, if once applied^ 
would be permanently maintained in their original form by the 
foreign forces. AVhat relation these theoretical forms have to the 
case of nature I have tried (imperfectly) to indicate. Their par^ 
ticularity consists in defining a particular initial disturbance and 
also the character of sea outline and sea bottom^ on which it could 
be maintained were the maintaining forces unvarying. The ocean 
to which they apply must, for the diurnal tide, cover the whole 
globe ; or for the semi-diurnal, must be hounded by parallels of lair' 
itude equidistant from the equator, and its depth, in either case, 
must be uniform along such parallels. 

The disregarding of the chronic variations of the foreign attrac- 
tions (or proper motions of the attracting bodies) does not pre- 
vent acceptance of the solutions as approximate expressions for 
the semi-diurnal tides of an ocean fulfilling the abdve non-natural 
conditions : but it is in serious discordance with their applicability 
to the case of the diurnal tide. 

Mr. Airy, in commenting on Laplace's dynamic theory, alludes 
to the evanescence of the diurnal tide when the ocean depth is 
uniform, as one of "the most remarkable results" of that theory, 
and one, he sa3's, which Laplace himself has frequently'' alluded to 
in a way that shows that he considered it one of the happiest of 
his discoveries." 

If my deductions are not erroneous that discovery is not of 
anything which could have place in nature, even if we concede to 
" nature " such an ocean as the theory prescribes ; but of a purely 
mechanical theorem alien to the conditions under which " tides " 
ai'c generated. 
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Experiments on the Gyration of Liquid Masses in Rotation. 
By J. W. Osborne, of Washington, D.C. 

The object of the present commnnication is to bring before the 
members of the Association certain experiments which have a 
general interest for the physicist, and a direct bearing upon the 
vexed question of the condition of the eartli's interior. It is well 
known that Mr. Hopkins, in 1839, and subsequent years, brought 
before the Royal Society a number of papers, in which he en- 
deavored to show, by very profound analysis, that to account for 
the phenomena of precession and nutation, the earth must neces- 
Baril}' have a rigid crust of about 1,000 miles in thickness. This 
was virtual!}' disposing of the liquid nucleus as ftir as geological 
upheavals, and other movements of the crust were concerned. Sir 
William Thomson in 18G3, examined Mr. Hopkins' investigations 
of this subject, and • approving his conclusions gencralh', went 
much further, asserting the necessity for a much thicker crust — 
practicall}' a solid sphere — possessed of a rigidity greatly superior 
to that of steel. M. Delaunay discussed this matter a few years 
later, combating Sir Wm. Thomson's conclusions. He expressed 
the opinion that the particles of a liquid may behave as those of a 
solid, and be practically without free movement upon each other, 
when the mass-motion demanded of them is exceedingly slow. 
General J. G. Barnard, in a number of papers published by the 
Smithsonian Institution, as late as 1*872, criticised M. Delaunay's 
views, and went very fully into the whole subject. He arrived 
generally at the conclusion that, were the earth a liquid mass, it 
could not under the perturbing influence of the sun and moon, 
manifest the phenomena of gyration. Interpreting the drift of 
Sir Wra. Thomson's argument, and endorsing it at the same time, 
he says, that "a revolving spheroid destitute of rigidity, a homo- 
geneous fluid one for instance, would have no precession." 

From this \evy superficial sketch of the mathematical side of 
the discussion it will be seen, that while it is universally admitted 
that the earth obeys the gyroscopic law, making its gyration once 
in about 25,000 years, that very fact has been regarded, by some 
of the ])ighest authorities, as furnishing proof that it cannot con- 
sist of a fluid mass covered with a thin shell. 

Discussing this subject in the early part of the present 3'ear 
with two scientific friends in Washington, the fact was commented 



BY J. W. OSBORNE. 61 

on, that one phase of the discussion at least depended for its solu- 
tion on the question, whether or not masses of fluid in rotation 
would follow the g3TOSCopic law in a manner similar to solids. It 
was urged that a prion reasoning could not settle this fundamental 
problem, and that nothing short of experimental demonstration 
would be convincing and satisfactory. After some consideration 
I undertook to devise means for putting this doubtful question to 
a practical test ; to determine whether or not a mass of fluid re- 
volving about an axis would perform a gyration, under the joint 
influences of a perturbing force, and its own rotating momentum ; 
notwithstanding the mobility of its molecules, — in other words 
the absence of rigidity. 

The first endeavor was to construct a top consisting essentially 
of a mass of water enclosed in a thin pliant envelope ; to get the 
whole into rapid rotation ; and then argue, if it spun at all, that 
the water played an essential part in snpporUng the top in its con- 
dition of unstable equilibrium. The difficulty in the construction 
of this instrumant lay in the centeiing of a pliant sack or enve- 
lope of S3'mmetrical shape on a suitable spindle. 

This was accomplished^ as follows : A tube of very thin brass 
about I inch outside diameter, and 5 inches long, is provided with 
a point on which it is finali}'^ to spin, and which screws into one 
end. Above the point, and fast to the tube is a small thin flange. 
On the tube above slides a very little stuffing-box carrying a simi- 
lar flange at its lower edge ; this can be clamped at any place by 
simpl}' screwing the* ring down upon the stuffing. The outside of 
the two flanges is turned so as to form part of a sphere three 
inches in diameter, and for each a thin washer is provided of the 
same curvature and size, which can bo screwed down upon them 
by two nuts, one on the outside of the point, and one on the out- 
side of the stuffing-box. The lower part of the tube is pierced 
with a number of very small holes running spirally round it. The 
whole of this arrangement runs perfectly true in the lathe. 

A mass of sugar which hns been melted and cast into a cylindri- 
cal mould, a little more than three inches in diameter, and the 
same in height, is next prepared. This has a hole bored through 
its centre into which the spindle is thrust; the latter being heated 
BO as to attach itself to the sugar, which is also firmly held be- 
tween the two flanges brought to within three inches of each other. 
When cold the spindle is again caught in the lathe, and the sugar 
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turned off, so as to form a sphere three inches in diameter. The 
snrface of this ball, iucUiding the outside of the flanges, is now to 
be repeatedly coated wilh thick collodion, made with a minimnm 
of alcohol, and containing an exceedingly small percentage of 
castor oil, which gives a tough pliant character to it when dry. 
How thick this coating should be, must be left to the judgment of 
the operator. About the thickness of thin card-board will be suf- 
ficient, if the materials are good and carerull3' applied ; but much 
depends upon the quality of the gun-cotton, and the quantity of 
castor oil emplov-ed. 

The several coats having thoroughly dried, the point is to be 
screwed out, and the ball suspended from a rubber tube attached 
to the upper extremity of the tubular spindle. A stream of water 
is now to be sent down the axis ; tbis finds its way through the 
lateral holes and gradually attacks the sugar. In about three 
hours the whole of the inner mass can be dissolved out, an opera- 
tion which can be hastened after a while, by passing a plug of 
cotton to about the centre of the sphere; thereby obliging the 
water to enter at the upper, and pass out at the lov»er holes. This 
being completed, the point and concave washers are replaced, and 
the latter screwed tight down upon the film. A minute air-hole is 
finally bored through the upper washer and flange, which may be 
closed by a little wooden plug if desired. 

The total weight of this top when full of water, is 4,082 grains, 
empty, it is 470 grains, while the spindle and brass-work weigh 
894 grains. 

The spindle and brass-work cannot be spun alone, except at a very 
high speed, — more than 100 revolutions per second; the empty 
top can, but with some difficulty, and for a short time onl}-, requir- 
ing also a very high speed. When full of water the spinning is 
easily accomplished wilh apparatus suitable for the purpose, which 
is necessary, because the maximum speed at which the shell is 
driven must be steadily maintained for a considerable time, so as 
to get the water into rotation as well. When released the top will 
then spin steadily for four or five minutes ; g3*rate as if solid ; and 
rise to a "sleeping" position like any solid top; the only observ- 
able diflerence being, that when it begins to fall, it does so very 
quickly. The speed should be considerable, but not so high as to 
burst the collodion envelope, on which the water exerts a veiy 
great pressure. 
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The legitimate deductions from this experiment would seem to 
be that the water plays an important part in preventing the fall of 
the lop, and that its gyrations are caused by the perturbing force 
of gravity. It may be urged that the shell, being in rapid motion, 
supports itself and the water too ; and that its rapid motion is 
continued by reason of the friction and momentum of the water 
within. But the empty shell is only capable of sustaining its own 
weight for any time, when driven at a very high speed ; whereas, 
when it is full, the weight is increased more than eight times, and 
does not yield to gravity when the speed is comparatively slow. 

It must be admitted, however„that the result in this experiment 
is not wholl}' due to the water, and I therefore contrived another 
in which any action ascribable to the case, or rigid parts of the 
apparatus, is totally eliminated. This I will now describe and ex- 
hibit to the section. 

A flat cylinder closed at both ends, and of exceedingly thin 
metal, is constructed with much care, so as to secure symmetry and 
strength. This is eight inches in diameter, and two and one-half 
inches high. Through its axis a small tubular spindle is passed 
and firmly attached to the upper and lower disks, springing them 
apart in so doing, to give strength and rigidity to the whole. Into 
this spindle a long steel point is lirml}' inserted, on which it is 
intended this large top should spin ; the extremity of the point 
beins: three and one-half inches below the centre of *>ravitv. 

"NVhon properly made, this instrument should not weigh more 
than eight ounces, but as it is very liable to burst when in use, its 
strength must not be sacrilicod for lightness. I will not go into 
furthiir details, remarking only, that the lathe should be used from 
first to last in its construction, so as to secure perfect concentricity. 

This vessel is now to be tilled with water through the tubular 
spindle (which has lateral holes for this purpose inside the cylin- 
der), whereby its total weight is increased to nearly six pounds. 
The point is then placed on a small porcelain saucer (such as those 
used for grinding Indian ink), and held there by a sort of curved 
wooden nipi)ers, which can be removed at any moment. liotary 
motion is now applied to the spindle, which is gradually increased 
till the top makes about eighteen or twenty revolutions per second. 
By means of the nippers the spindle can be inclined, and held so 
till the motion has been sustained long enough to insure the equally 
rapid rotation of the mass of water within, when it is to be sud- 
denly released. The top will now spin, making large, slow gyra- 
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tions, rising gra^lually to tlie upright position, and so continne for 
fifteen minutes or more. So far there is nothing new; it is only 
the previous experiment in a modified form ; but if, while it is still 
g3Tating, we suddenly grasp and stop the shell with the lingers, 
and as suddenly' lot it go again, what will take place? Will the top 
stand or full? If this operation is dexterously performed it will 
not on I}' stand hut will continue the gyration which has been in- 
terrupted, showing no tendency to fall whatever, and the experi- 
ment can be rei)eatcd several times, before the power that sustained 
it is exhausted. Of course the water continues its i-otation after 
tlie shell is stopped, and wlien let .go, the latter takes up that rota- 
tion rapidly from the water; but long before the speed becomes 
snfiicient to support even the shell alone, time enough will have 
elapsed for the whole to come to the ground. 

AVhen we consider that at the moment of release, not onl}' has 
the shell weighing half a pound to be- supported, but also five 
and one half pounds of water, with the centre of gravity hanging 
over the point of suspension, it must be admitted that we have 
here a very distinct manifestation of force. 

This I submit is a crucial experiment, establishing bcj'ond ques- 
tion, that rotating masses of liquid behave similaibj to solids when 
actc<l on by a perturbing force, which tendj to modify their plane 
of rotatirm, i^iv in<r a sryration as the resultant in both cases. 

As some persons ma}' wish to ro[)eat these experiments, and as 
a method of imparting rapid, long continued motion, in a definite 
and convenient manner, is a ver}' indispensable condition of suc- 
cess, I will conclude this paper b}' giving a general description of 
the instrument I have constructed for this purpose, and which 
works very satisfactorily. 

A Hut wooden base about nine inches in diameter is heavily 
loaded with lead. From the centre of this rises a short upright 
pillar one anil one-half inches in diameter, the top of which is 
about six and one-half inches above the table on which the instru- 
ment rests. 

Upon this slides up and down, but hindered from turning, a 
sleeve of brass, to the upper end of whicii a long cross-piece of 
wood is (irndv screwoil. A horizontal, multiplyinu; wheel, eleven 
inches in diameter, runs in a suital)le bewaring in the cross-piece, 
its centre being exactly over the pillar. The ends of the woo len 
cross-piece extend beyond the multiplying wheel. One of these is 
shaped to form a suitable handle by which the spinner is grasped 
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when in use ; and the other contains a horizontal socket which re- 
ceives a short brass bar, terminating at its outer end in open bear- 
ings for a little pulley about one-half an inch in diameter driven 
by the multiplying wheel, the cord from the latter being kept 
stretched by a spiral spring inside the socket. This pulley con- 
sists of a short perpendicular axis, upon which are two little 
flanges, one fixed, and the other capable of being screwed up like 
a nut. Between these flanges two disks of rubber one-eighth of 
an inch thick are pinched, the adjacent sharp edges having been 
rounded off*, thereby forming a groove for the cord. As these 
rubber disks can easily be repljJced by others of larger or smaller 
diameter, any desired relation can be had between the pulley so 
formed, and the driving wheel. The advantage secured by the 
rubber is the total absence of slip. The lower extremity of the 
axis of this little pulley is expanded and hollowed out to a cup or 
bell shape ; this is let down on the end of the top spindle, the ex- 
tremity of which is also made slightly' conical in form. The fric- 
tion between the. two drives the water-top. 

We must now return to the pillar and sleeve. In the axis of 
the former a ver}'^ strong spiral spring is inserted, which tends at 
all times to lift the sleeve and all that is above it with considerable 
force. To lay hold of the top-spindle by the hollow cone on the 
end of the axis of the little pulley, this spring must be compressed, 
in which position it is held by a catch falling into a small steel 
rack on the outside of the sleeve, which is controlled by a trigger 
conveniently placed under the handle of the instrument. 

When the speed of the top is sufficient it is instantaneously re- 
leased without ceasing to turn the multiplying wheel, by touching 
the trigger with the finger of the lei't hand, the movement being a 
steady upward one which gives no impulse to the top in an}'^ direc- 
tion. Finally, the porcelain saucer on which the top spins, is capa- 
ble of adjustment up and down by three levelling screws, so that 
the height of the upper extremity of the spindle can be made to 
suit the spinner exactly. 

The experiments described in the foregoing, must be regarded 
as tolerably conclusive, especially tha4i exhibited before you ; but 
they are by no means exhaustive, and I hope to extend and gener- 
alize the experimental treatment of this subject, eliminating in each 
successive modification some one of the restrictions which interfere 
with a just appreciation of the phenomena. 

A. A. A. S. VOL. XXV. 5 
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DETKRMrXATIONS OF SUBJECTIVE TEMPERATURE. B}'^ J. W. OsBORNE, 

of Washington, D. C. 

At the meeting of the Association last year in Detroit, I de- 
sciibed and exhibited to tlie Section, an instrument designed to 
furnish means for ascertaining tiie fluctuations in sensible climatic 
temperature. It is not my intention to refer on this occasion to 
the observations and experiments that have since been made with 
that instrument, any further than to state general I}'', that the results, 
though interesting and valuable, are too negative in their character 
to make their presentation desirable at present. This is especially 
true of the long series of efforts to determine the equation of the 
curve of cooling, upon a knowledge of which all systematic work 
must depend. Only step b}' step have the difficulties been discov- 
ered and appreciated which interfere with the establishment of 
constant external conditions, on the one hand ; and the accurate 
measuienient of the intervals of time required for the loss of pre- 
cisely equal increments of heat, upon the other. Many of these 
dilfic'ultics liave been overcome, but some still remain to be dealt 
with and conquered. If progress -in this direction is slow, the 
complex influences which afi'ect living beings, producing in them 
the sensations of .heat and cold, are still active; and the problem 
above stated is as important, and its solution as urgently needed 
as ever. 

I wish now to direct attention to .another method quite distinct 
in its nature from that already' referred to, but calculated to give' 
very similar results. Before passing to details however, it will be 
well to make a concise statement of the conditions and influences 
which affect the body thermically, and which in that particular re- 
spect constitute climate in relation to animal life. 

The bod}^ of a warm-blooded animal, of man for instance, is 
constantly generating heat ; no doubt the amount differs in the 
same person under ditferent circumstances ; but it is always suffi- 
cient while he remains in health, to maintain a constant tempera- 
ture of the blood, and is therefore exactly as much as he loses. 

AVhen the climatic conditions tend to rob the body rapidly of its 
beat, the sensation of cold is produced, because a demand is made 
upon it to furnish the supply more rapidly. The body must re- 
spond, or the cooling influences avoided by flying to shelter, 

clothes, or artificial warmth. If, on the other hand, the external i 

I 
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conditions are such that the body cannot get rid of its physiolog- 
ically generated warmth with sufficient rapidity, we begin to suffer 
inconvenience ; the organism itself takes steps to lower its tem- 
perature by throwing out moisture on the surface, and if this is 
not enough we have to find some means by which to keep the 
temperature down, or sickness and death will ensue. 

It will be seen, therefore, that physiologically speaking, it is the 
rate at which the body cooh which interests us, and the physio-ther- 
mic influence which a climate exerts should be estimated in refer-, 
ence to this fact. 

The meteorological elements which chiefly determine the rate 
of cooling, and which, therefore, are of especial importance in this 
consideration, are the actual temperature ; the relative humidity ; 
and the motion of the air. The first affects radiation from the 
warm human body, and the cooling due to contact ; the second, 
evaporation from the skin and lungs ; the third, the convection 
of heat from the surface, and also the rapidity of evaporation. It 
is the aggregate influence wliich these three factors exert, with 
some other minor ones, for which a numerical value is required. 

It will be seen from the foregoing — 

1. That the actual temperature as determined by the thermom- 
eter does not furnish the information sought, but must, on the 
contrary, often lead astray. 

2. That meteorological observations as at present conducted 
and published, do not give data from which the physiologist or 
biologist can form an estimate of the thermic influence. 

8. Tliat any means by which the intensity and fluctuations of 
subjective temperature could be relatively expressed, would have a 
positive practical value. 

Having thus stated the nature and salient aspects of the problem, 
which is obvious!}^ a diflScult one, I proceed to describe the method 
recently adopted in Washington for its approximate solution. 
This consists in obtaining from a sufficient! v lars^e number of in- 
telligent persons, their individual estimate of the sensible temper- 
ature for certain fixed hours in each da}', and then deducing means 
from the whole record, which, it was assumed, would be a fair 
statement of the average opinion for that locality. 

This was accomplished ])y conceiving the total range of sensible 
climatic temperature to be divided into twenty equal parts, count- 
ing upwards from the extreme of cold. To each of these divisions 
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a descriptive expression was affixed conveying in as unambiguous 
a way as possible, the idea of a progressive elevation of temper- 
ature at every step. The- observer, in the open air, and sheltered 
only from the direct rays of the sun, selects the expression which 
most nearly describes his appreciation of the sensible temperature 
at the time, and records, not the expression, but the number attached 
to it. From such records, means and generalizations can be ob- 
tained which increase in value as the observers increase in numbers, 
end gain experience. 

To give this method a practical character it is necessary to re- 
duce the trouble and inconvenience to a minimum. This is done 
b}'' furnishing each observer with a little printed card for each week, 
which folds into so small a space that it can be constantly kept 
about the person. In this the entries are made. The plan will be 
best understood by examining the specimens lying on the table. 

(INSIDE OF CARD). 

SUBJECTIVE OBSERVATIONS OF TEMPERATURE. 

Week ending Saturday^ , 1876. 



Date. 


7:35, A. M. 


Noon. 


4.35, F. M. 


11, p. M. 




Obs. 


Rcm'ks. 


Obs. 


Hem'ks. 


Obs. 


Rem'ks. 


Obs. 


Rem'ks. 


Snndav. ...... 


















IM'onrl&v... .... 


















'Ftiesdav. ..... 


















Wednesdav.. . 


• 
















Thtirsdav 






••••••• 












Friday 


















Satttrdav 





































Observer. 
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(OUTSIDE OF CARD). 



REMAUKS. 



X. Qnite still. 

"W. sun. 

V. Breezy. 

IT. Windy. 

T. Gusty. 

S. Blowing hard. 

B. Gale. 

Q. Very dry. 
P. Dry. 

0. Moist. 

W. Very moist. 
M. Rain. 
Ii. Fog. 
K. Frost. 

1. Snow. 

H. Quite clear. 
Q. Bright. 
F. Fine. 
E. Dull. 
D. Hazy. 

C. Lurid. 
B. Overcast. 

A. Dark and gloomy. 



SCALE OF OBSERVATIONS. 



20. Intolerably hot. 
19. Excessively hot. 
18. Very hot. 
17. Tolerably hot. 
16. Very warm. 
15. Decidedly warm. 
14. Agreeably warm. 
13. Mild and soa. 



12. Mild and fl-esh. 
11. Quito fresh. 
10. Very fresh. 

9. Decidedly oool. 

8. Very cool. 

7. Moderately cold. 

6. Cold and flne. 

5. Cold and sharp. 

4. Very cold. 

3. Bitterly cold. 

2. Painfully cold. 

1. Unbearably cold. 

K. B. — HowvTvr qualifl^d, tboM ezpNnlons mast be imd«r- 
■tood to r«f«r to equal fiadatioai of teiulble tempentuxe 0147. 



The inside of the card is arranged for seven days ending with a 
Saturday, and the hours fixed for observing are 7.35 a.m. ; noon ; 
4.35 P.M.; and 11 p.m. These are sjmehronous with those em- 
plo3'ed by the signal service in Washington, for simultaneous ob- 
servations throughout the country, not those best calculated for 
giving daily means which, as established by that office, are 7 a. m., 
2 p. M., and 9 p. m. But the former are very convenient for persons 
employed in Government Departments, and in other ways, which 
the latter are not, and the daily means obtained frofti these will not, 
it is thought, differ greatly from the truth. Besides we do not really 
know what the best hours are, influenced as the sensible temper 
ature so decidedly is, by variations in the force of wind, percentage 
of moisture, etc. The inside of the card also provides for a regis- 
tration of "Remarks." These are expressed by letters which give 
a general characterization of the weather, quite subordinate of 
course to the other observations, but useful in many ways, espeo- 
ially in giving the observer an opportunity to express qualifying 
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when in use ; and the other contains a horizontal socket which re- 
ceives a short brass bar, terminating at its outer end in open bear- 
ings for a little pulley about one-half an inch in diameter driven 
by the multiplying wheel, the cord from the latter being kept 
stretched by a spiral spring inside the socket. This pulley con- 
sists of a short perpendicular axis, upon wiiich are two little 
flanges, one fixed, and the other capable of being screwed up like 
a nut. Between these flanges two disks of rubber one-eighth of 
an inch thick are pinched, the adjacent sharp edges having been 
rounded off*, thereby forming a groove for the cord. As these 
rubber disks can easily be replfJced by others of larger or smaller 
diameter, any desired relation can be had between the pulley so 
formed, and the driving wheel. The advantage secured by the 
rubber is the total absence of slip. The lower extremity of the 
axis of this little pulley is expanded and hollowed out to a cup or 
bell shape ; this is let down on the end of the top spindle, the ex- 
tremity of which is also made slightly conical in form. The fric- 
tion between the two drives the water-top. 

We must now return to the pillar and sleeve. In the axis of \;*- 
the former a very strong spiral spring is inserted, which tends at 
all times to lift the sleeve and all that is above it with considerable 
force. To lay hold of the top-spindle by the hollow cone on the 
end of the axis of the little pulley, this spring must be compressed, 
in which position it is held by a catch falling into a small steel 
rack on the outside of the sleeve, which is controlled by a trigger 
conveniently placed under the handle of the instrument. 

When the speed of the top is sufficient it is instantaneously re- 
leased without ceasing to turn the multiplying wheel, by touching 
the trigger with the finger of the left hand; the movement being a 
steady upward one which gives no impulse to the top in an}'^ direc- 
tion. Finally, the porcelain saucer on which the top spins, is capa- 
ble of adjustment up and down by three levelling screws, so that 
the heiglit of the upper extremity of the spindle can be made to 
suit the spinner exactly. 

The experiments described in the foregoing, must be regarded 
as tolerably conclusive, especially that exiiibited before you ; but 
they are by no means exhaustive, and I hope to extend and gener- 
alize the experimental treatment of this subject, eliminating in each 
successive modification some one of the restrictions which interfere 
with a just appreciation of the phenomena. 

A. A. A. S. VOL. XXV. 5 
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Determinations of Subjective Temperature. B}'^ J. W. Osborne, 
of Washington, D. C. 

At the meeting of the Association last 3'ear in Detroit, I de- 
scribed and exhibited to the Section, an instrument designed to 
furnish means for ascertaining the fluctuations in sensible climatic 
temperature. It is not my intention to refer on this occasion to 
the observations and experiments that have since been made with 
that instrument, any further than to state general 1}% that the results, 
though interesting and valuable, are too negative in their character 
to make their presentation desirablfe at present. This is especially 
true of the long series of efforts to determine the equation of the 
curve of cooling, upon a knowledge of >vhich all systematic work 
must depend. Only step b}' step have the difficulties been discov- 
ered and appreciated which interfere with the establishment of 
constant external conditions, on the one hand ; and the accurate 
measurement of the intervals of time required for the loss of pre- 
cisely equal increments of heat, upon the other. Many of these 
difliculties liave been overcome, but some still remain to be dealt 
with and conquered. If progress -in this direction is slow, the 
complex influences which affect living beings, producing in them 
the sensations of , heat and cold, are still active ; and the problem 
above stated is as important, and its solution as urgently needed 
as ever. 

I wish now to direct attention to .another method quite distinct 
in its nature from that already' referred to, but calculated to give' 
very similar results. Before passing to details however, it will be 
well to make a concise statement of the conditions and influences 
which affect the body thermically, and which in that particular re- 
spect constitute climate in relation to animal life. 

The body of a warm-blooded animal, of man for instance, is 
constantly generating heat ; no doubt the amount differs in the 
same person under different circumstances ; but it is always suffi- 
cient while he remains in health, to maintain a constant tempera- 
ture of the blood, and is therefore exactly as much as he loses. 

AVhen the climatic conditions tend to rob the body rapidly of its 
heat, the sensation of cold is produced, because a demand is made 
upon it to furnish the supply more rapidly. The bod}' must re- 
spond, or the cooling influences avoided by flying to shelter, 
clothes, or artificial warmth. If, on the other hand, the external 
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conditions are such that the body cannot get rid of its physiolog- 
ically generated warmth with sufficient rapidity, we begin to suffer 
inconvenience ; the organism itself takes steps to lower its tem- 
perature by throwing out moisture on the surface, and if this is 
not enough we have to find some means by which to keep the 
temperature down, or sickness and death will ensue. 

It will be seen, therefore, that ph^'siologically speaking, it is the 
rate at which the body cools which interests us, and the physio-ther- 
mic influence which a climate exerts should be estimated in refer-, 
ence to this fact. 

The meteorological elements which chiefly determine the rate 
of cooling, and which, therefore, are of especial importance in this 
consideration, are the actual temperature ; the relative humidity ; 
and the motion of the air. The first affects radiation from the 
Tvarm human body, and the cooling due to contact ; the second, 
evapomtion from the skin and lungs ; the third, the convection 
of heat from the surface, and also the rapidity of evaporation. It 
is the aggregate influence which these three factors exert, with 
some otlier minor ones, for which a numerical value is required. 

It will be seen from the foregoing — 

1. That the actual temperature as determined by the thermom- 
eter does not furnish the information sought, but must, on the 
contrary, often lead astray. 

2. That meteorological observations as at present conducted 
and published, do not give data from which the ph^^siologist or 
biologist can form an estimate of the thermic influence. 

8. That any means by which the intensit}'^ and fluctuations of 
subjective temperature could be relatively expressed, would have a 
positive practical value. 

Having thus stated the nature and salient aspects of the problem, 
which is obvious]}^ a difficult one, I proceed to describe the method 
recently adopted in Washington for its approximate solution. 
This consists in obtainins: from a sufficientlv lars^e number of in- 
telligent persons, their individual estimate of the sensible temper- 
ature for certain fixed hours in each da}^ and then deducing means 
from the whole record, which, it was assumed, would be a fair 
statement of the average opinion for that locality. 

This was accomplished by conceiving the total range of sensible 
climatic temperature to be divided into twenty equal parts, count- 
ing upwards from the extreme of cold. To each of these divisions 
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Dktkrmivatioxs of SuiiJFXTiVE Temperature. By J. W. Osborne, 
of Washington, D. C. 

At tlu) meeting of the Association last year in Detroit, I de- 
scrilx'd and exiiihited to the Section, an instrument designed to 
furni.sh means for ascertaining the fluctuations in sensible climatic 
temi)i'ratnre. It is not m}' intention to refer on tliis occasion to 
the oi)servati()ns and experiments that have since been made uitli 
that instiument,any further than to state generall3',that the results, 
thouLih inttrestinjjr and valuable, are too negative in their character 
to make liieir presentation desirablO at present. This is especially 
true of the long series of eflbrts to determine the equation of the 
curve of cooling, upon a knowledge of which all systematic work 
must depend. Only step by step have the difliculties been discov- 
ered and appreciated wliieh interfere with the establishment of 
constant external conditions, on the one hand ; and the accurate 
measurement of the intervals of time required for the loss of pre- 
cisely e(jual increments of heat, ui)on the other. Many of these 
dilli( ullios luive been overcome, but some still remain to be dealt 
with and con(iuered. Jf i)rogress -in this direction is slow, the 
coni[)lex inlluences which alU'ct living beings, producing in them 
the sen>alions of lieat and cold, are still active; and the problem 
above slated is as important, and its solution as urgently needed 
as ever. 

J wi.^h now to direct attention to smother method quite distinct 
in its nature from that already referred to, but calculated to give' 
very similar results. Ik-fore i)assing to details however, it will be 
well to make a concise statement of the conditions and influences 
"vvhirli alfect the body thermically, and which in that particular re- 
spect eonstitute climate in relation to animal life. 

'i'h(? body of a warmd)looded animal, of man for instance, is 
constantly generating heat; no doubt the amount differs in the 
same [)rrson under dilferent cireumstances ; but it is always suffi- 
cient while he remains in health, to maintain a constant tempera- 
ture of the blood, and is therefore exactly as much as he loses. 

AVhen the climatic conditions tend to I'ob the body rapidly of its 
beat, the sensation of cold is produceil, because a demand is made 
upon it to furnish the supi)ly more rapidly. The body must re- 
spond, or the cooling influences a\oided by flying to shelter, 
clothes, or artificial warmth. If, on the other hand, the external 
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conditions arc snch that the body cannot get rid of its physiolog- 
ically generated warmth with sufficient rapidity, we begin to suffer 
inconvenience ; the organism itself takes stops to lower its tem- 
perature by throwing out moisture on the surface, and if this is 
not enough we have to find some means by which to keep the 
temperature down, or sickness and death will ensue. 

It will be seen, therefore, that physiologically speaking, it is the 
rate at ivhich the body cooh which interests us, and the physio-ther- 
mic influence which a climate exerts should be estimated in refer-, 
ence to this fact. 

Tiie meteorological elements which chiefly determine the rate 
of cooling, and which, therefore, are of especial importance in this 
consideration, are the actual temperature ; the relative humidity ; 
and the motion of the air. The first affects radiation from the 
warm human bod}', and the cooling due to contact ; the second, 
evaporation from the skin and lungs; the third, the convection 
of heat from tlie surface, and also the rapidity of evaporation. It 
is the aggregate influence wliich these three factors exert, with 
some other minor ones, for whicli a numerical value is required. 

It will be seen from the foregoing — 

1. That the actual temperature as determined by the thermom- 
eter does not furnish the information sought, but must, on the 
contrary, often lead astray. 

2. That meteorological observations as at present conducted 
and published, do not give data from which the physiologist or 
biologist can form an estimate of the thermic influence. 

8. That any means bv which the intensity and fluctuations of 
subjective temperature could be relatively expressed, would have a 
positive practical value. 

Having thus stated the nature and salient aspects of the problem, 
which is obviously a dilTlcult one, I procee<l to describe the method 
recently adopted in Washington for its approximate solution. 
This consists in obtaininjjr from a sudlcientlv Inri^e number of in- 
telligent persons, their individual estimate of the sensible temper- 
ature for certain fixed hours in each dav, and then dcjdnciiii; means 
from the whole record, which, it was assumed, would be a fair 
statement of the average opinion for that locality. 

This was accomplished by conceiving the total range of sensible 
climatic temperature to be divided into twenty equal i)arts, count- 
ing upwards from the extreme of cold. To each of these divisions 



68 



DETERMINATIONS OF SUBJECTIVE TEBIPERATURE, 



a descriptive expression was affixed conveying in as unambiguous 
a wa}' as possible, the idea of a progressive elevation of temper- 
ature at every step. The observer, in the open air, and sheltered 
only ft'om the direct rays of the sun, selects the expression which 
most nearly describes his appreciation of the sensible temperature 
at the time, and records, not the expression, but the number attached 
to it. From such records, means and generalizations can be ob- 
tained which increase in value as the observers increase in numbers, 
end gain experience. 

To give this method a practical character it is necessary to re- 
duce the trouble and inconvenience to a minimum. This is done 
b}*^ furnishing each observer with a little printed card for each week, 
which folds into so small a space that it can be constantly kept 
about the person. In this the entries are made. The plan will be 
best understood by examining the specimens lying on the table. 

(INSIDE OF CARD). 

SUBJECTIVE OBSERVATIONS OF TEMPERATURE. 

Week ending Saturday^ , 1876. 



Date. 


7:35, A. M. 


Noon. 


4.35, P. M. 


11, P. M. 




Obs. 


Rcnrks. 


Obs. 


Rcui'ks. 


Obs. 


Rem^kB. 


Obs. 


Rem'ks. 


Sundnv 


















Ikfonrlav 


















TiiPRilnv. ..... 


















^rp<1n<*sflAv.. . 


. 
















Tliiirsdav.. ... 


















ITrlilnv .••.«>. 


















flfl.tiirclnv..» • • • 





































Observer. 
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(OUTSIDE OF CARD). 



REMARKS. 



X. Qnite still. 

W. Siill. 

V. Breezy. 

U. Windy. 

T. Giiety. 

8. Blowing hard. 

B. Gale. 

Q. Very dry. 
P. Dry. 

0. Moist. 

N. Very moist. 
M. Rain. 
Ii. Fog. 
K. Frost. 

1. Snow. 

H. Quite clear. 

O. Bright. 

F. Fine. 

E. Dull. 

D. Iliizy. 

O. Lurid. 

B. Overcast. 

A. Dark and gloomy. 



SCALE OP OBSERVATIONS. 



20. Intolerably hot. 
19. Excessively hot. 
18. Very liot. 
17. Tolerably hot. 
16. Very warm. 
16. Decidedly warm. 
14. Agreeably warm. 
13. Mild and soa. 



12. Mild and A*csh. 
11. Quito fresh. 
10. Veiy fresh. 

9. Decidedly cool. 

8. Very cool. 

7. Moderately cold. 

6. Cold and flue. 

5. Cold and sharp. 

4. Very cold. 

3. Bitterly cold. 

2. Painfully cold. 

1. Unbearably cold. 

H. B. — no««T«r qoAliScd, tb«M •zprvMiofU Bun b* as'ltr. 
Mood to rofor to equal fnMUtiooi ot MBftbk Umpormtun vmig. 



The inside of the card is arranged for seven days ending with a 
Saturday, and the hours fixed for observing are 7.35 a.m. ; noon ; 
4.35 P.M.; and 11 p.m. These are synchronous with those em- 
ployed by the signal service in Washington, for simultaneous ob- 
servations throughout the country, not those best calculated for 
giving daily means which, as established by that office, are 7 a. m., 
2 p. m., and 9 p. m. But the former are very convenient for persons 
employed in Government Departments, and in other ways, which 
the latter are not, and the daily means obtained fiorti these will not, 
it is thought, differ greatly from the truth. Besides we do not really 
know what the best hours arc, influenced as the sensible temper- 
ature so decidedly is, by variations in the force of wind, percentage 
of moisture, etc. The inside of the card also provides for a regis- 
tration of "Remarks." These are expressed by letters which give 
a general characterization of the weather, quite subordinate qf 
course to the other observations, but useful in many ways, espec- 
ially in giving the observer an opportunity to express qualifying 



70 DETERMINATIONS OF SUBJECTIVE TEMPERATURE, 

circumstances which might otherwise modify his estimate of the 
sensible temperature. 

The outside of the card has printed upon it the " Scale of obser- 
vations" and "Remarks" with their corresponding figures and 
letters for constant reference. 

With a view to secure uniformity of endeavor amongst the ob- 
servers, they have been furnished with printed instructions, which 
with a few recent additions are as follows : — 



GENEllAL INSTRUCTIONS TO ACCOMPANY' OBSERVATION CARD. 

Washington, D. C, June 4, 1876. 

In making subjective observations of temperature, it is above all 
things desirable to divest the mind of preconceived ideas of what that 
temperature ought to be. While trying to form an unbiassed estimate, 
the person doin^ so should regard himself simply as an animal with a 
single sense ; that of heat and cold. One should also make the observa- 
tion when in a passive condition, and should then select the proper ex- 
pression, not doubtingly, but with careful deliberation. 

Each observation shoujd be made in as open a place as possible, chang- 
ing the locality at different times of the day, so as to get out of the sun 
while exposed to the wind; but one must not stand in a hall-way or 
window, so as to be affected by a local draught; or move rapidly through 
the air while observing. It will often be well to go to both sides of the 
house before deciding, beginning and ending with the better locality. 
With the direct radiant heat of the sun, these observations have nothing 
to do, although it is often necessary to subject one's self to it for a short 
time, so as not to escape the cooling effects of the wind. This is especi- 
ally the case in winter. 

Avoid all consultation with friends relative to the observation until it 
is made and recorded, and never on any account alter what is written in 
consequence of misgivings due to the opinion of others. Never read a 
thermometer, or report of weather-probabilities previous to the time of 
observing. 

Always remain sufficiently long in the open air, before selecting an ex- 
pression, to feel that the warm or cool influence of the house has been 
thoroughly replaced by that of the outside air. One should therefore en- 
deavor to begin the observation five minutes before the times specified, 
which are those adopted by the Signal Service Bureau for meteorological 
registrations. 

As a rule it is better to be a little too early than too late. Ten minutes 
either way is all that can be allowed ; if this limit is overstepped, make 
no entry . 
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Never under any circumstances record an observation from recollection 
of what the weatlicr teas, or from tlie statement of another observer, or 
wlicn, from indisposition, one is conscious that his feelings are abnormal, 
or when absent from the District of Columbia; and relinquish the work 
altogether as soon as it is decidedly disagreeable and irksome. 

Dress about as one would wish to be dressed (leaving style and appear- 
ance out of consideration) iu the weather that prevails at the time of the 
observation. 

The temperature of the room one leaves before experiencing the thermic 
influence without, is calculated to prepossess tlie mind of the ol).server in 
a greater or less degree, as to what he has to expect. He must try to re- 
sist such bias, and judge at all times independently. It is a good rule to 
fix on no number for the first two or three minutes, holding the mind 
without a decision, so as not to add to the difficulty by having to undo a 
hasty one fornn^d on the first impulse. 

When the wind is intermittent an effort should be made to express the 
average sensation of cold or warmth. This is sometimes diflicult; it is 
best done by fixing on two numbers and recording one that is inter- 
mediate. 

Fractional registrations must not be indulged in for the present ; they 
indicate doubt and indecision only, not accuracy. In time oi)servers may 
be able to divide the total range of temperature into thii^ty-ninc, but not 
now. 

After a continuance of hot weather, when a slight but sudden depres- 
sion takes place, one is apt to say that it has become pleasantly cool; 
w^hereas tiie fall may have left the sensible temperature much hi:;her tlian 
such a phrase expresses. The observer in such, and converse cases, should 
endeavor to maintain an unbiassed judgment, notwithstanding the ten- 
dency of the strong contrast to mislead him, careful at the same lime to 
express exactly what he feels. When the change is considerable, and one 
is conscious of the danger of going too low, or too high, as the case may 
be, tlie best way is to conceive one's self coming to the existing state of 
things from the opposite extreme, and under that influence to make his 
decision. 

In using the "Scale of Observations," after a selection has been made, 
one should test its correctness by inquiring witli himself whether the next 
higher or lower expression could not be nsed with propriety; in this way 
a considerable degree of certainty will be acquired. Be careful when 
approaching the extremes of tlie scale to realize the number of pf;s.«*ible 
gradations one is capable of distinguishing before reaching the end. 
This effort of tlic mind will prevent premature exhaustion of the expres- 
sions, and encourage moderation. 

The "Scale of Observations" — which Is intended for the whole coun- 
try and not for any particular locality — is divided into an upper and lower 
group, the sensible temperature rising and falling gradually from betiveeu 
Nos. 12 and 13. By fixing this neutral place in the mind, and recurring to 
it frequently as a line of demarcation, the accurate {(election of expressions 
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will be greatly facilitated. The expressions used in this series are in- 
tended to refer to degrees or grades of sensible ternperature only., however 
they may be qualified by descriptive words such as, "fresh," "flae," etc. 
They ase, moreover, to be regarded as subdivisions of the whole range 
of temperature, divided into twenty equal parts, the interval between any 
two being the same in amount. The sooner the observer can leave the 
expressions, except for occasional reference, and work with the numbers 
alone, the better will be his determinations. 

Certain observers will be conscious in themselves of a tendency to run 
to extremes, sometimes possibly to one extreme, while others are con- 
servative, and resist change ; one class giving to each degree too small, 
and the other too large a value. These natural dispositions of the mind 
should be recognized, and combated, not in special cases but in a general 
way. 

No observer should attempt to correct by violent elevation or depres- 
sion of the number used, any supposed constitutional peculiarity of his 
own ; but should invariably record that which best expresses his personal 
estimate of the sensible heat or cold affecting him. 

In using the list of "Remarks" one letter from each of three divisions 
should be selected, giving in this manner the most characteristic descrip- 
tion of the weather, which so concise a method admits of. The observa- 
tions entered in this column should always be made after those expressing 
sensible temperature, inasmuch as they are quite secondary and subordi- 
nate. 

Observers will promote the general accuracy and final value of observa- 
tions of this kind, by suggesting any interpqlatipu or alterations which 
occur to them, calculated to extend, or give deflnitcness to the " Scale of 
Observations." 

N. B. Observers are requested to read these instructions carefully and thor- 
oughly ONCIS EVEUY WEEK. 

The number of persons who assisted me in the prosecution of 
these observations has been considerable, averaging about twenty- 
eight up to the present time. They do not all observe at the four 
periods, most of them making three entries only. 

As was to be expected, their observations do not always coincide 
for the same day and period. This is due to the fact that the system 
at best is but approximate, that individuals differ in their estimates 
of temperature, and that living in different localities, some exposed 
to one wind, and some to another, they are not affected similarly. 
Nevertheless the means obtained from this large mass of somewhat 
crude material, have exhibited so remarkable a degree of consist- 
ency and harmony as to justif}" great confidence in the method, 
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which certainly furnishes information relative to climate that has 
not been hitherto obtained. 

The larger diagram here exhibited gives both graphically and in 
figures the mean reading for each of the four periods of each day 
for nine weeks ; and also the daily means, maximum, minimum, 
and range. The smaller diagram gives weekly means for the same. 
A glance at the first shows the undulations in sensible temperature 
at morning, noon, afternoon, and night. It will be seen that with 
a few exceptions there is a remarkable similarity in the curves for 
each of these periods ; that of the morning often foreshadowing 
all the others. For several of the weeks this is very strikinglj^ the 
case. When a marked deviation occurs, there is generally some 
obvious cause, such as rain, alteration in the wind, etc. -This is well 
' seen in the first week (ending, June 10), where the sudden rise of 
Saturday morning and noon, is suddenly checked by a thunder- 
storm before the afternoon reading. A similar disturbance re- 
sults from a like cause before the afternoon observations on June 
17th, July 10th, and at other times. These curves also show the 
three hot weeks ending July 1st, 8th, and 15th, and the gradual 
rise to them from Wednesday, June 21st. The weekly means show 
the three hot weeks, and the general harmony of the curves in a 
still more beautiful and perfect manijer. When it is remembered 
that the ladies and gentlemen who made these observations (to 
whom I am greatly indebted for the kind and generous interest 
they have taken in the work), could have had no idea of the con- 
formity to be elicited from their labors ; that in fact many of the 
observations now brought in juxtaposition were made by different 
persons ; it will be certainly admitted that the results are striking 
and full of interest. 

In relation to the progress which a number of observers collect- 
ively can make towards accuracy, it may be well to state that at 
the end of every week's work the observer's mean range was deter- 
mined for purposes of comparison. It is evident that the range 
obtained by subtracting the mean of all the minima from that of 
the maxima would, if the observations were correctly made at one 
locality, be equal to zero. This, for obvious reasons, it never can 
be ; but it is fair to assume that the smaller the mean range derived 
from all the individual readings, the less will be the danger of error 
in the reduced results, arising from any disturbance of the com- 
pensation which a large number of observers insures. 
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The fallowing table gives these qaantities for nine weeks. 



OB^ERTEK-S WEEKLY MEXS RANGE. 



1' 

WEI.K 


'7»'. 
LNWXG 


June..... 




10 


M 




17 


M 




24 


JuIt 




1 


• "'J . . . • . 

a 






u 




15 


M 




22 


•• 




o) 


Animst.. 




5 



7^ x.Ji. 

237 
2.^ 
l^ 
2.16 
2Ck» 
2^4 

1.62 

1.04 



Xoox. 



2-37 
2.C5 
1^7 
I^ 
1-79 
1.76 
1.99 
1.75 
201 



4.35 PJf. 
3.65 

1.71 

2.04 

1.G3 

l.» 

2.04 

1.S0 

ISS 



11 FJI. 



2.79 
2.1S 
1.73 
2.G3 
2.16 
2.18 
2-11 
1.97 
1.20 



Mkaxs. 



2.54 
2.25 
1.79 
2.17 
1.91 
2.25 
2.01 
1.79 
1.68 



This table shows a progressive improvement until the change to 
the very hot weather of the week ending July 1st, produced uncer- 
tainty and difference of opinion. Since the three warm weeks the 
numbers are again gradually decreasing up to the present date. 

For the information of those who wish to test this method for 
themselves it maj' be stated, that while it is decidedly' injurious to 
endeavor in any way to constrain observers bj' anj'thing like dicta- 
tion, much can be effected by general advice and criticism. The 
best commentary is undoubtedl}' a comparison of their own work 
with the means, which they can make for themselves if facilities 
are offered. It has been my rule to furnish each person with a 
manifold copy of the means at the earliest possible da}', and to 
urge every observer to make a proper comparison of them with 
their own figures, of which they always keep a cop3\ 

I hope to be able to prosecute these observations, and on a 
future occasion to compare the results so obtained with ordinary 
meteorological records, as well as with the readings of the instru- 
ment referred to at the commencement of this paper. 
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The Accurate Graduation of Thermometers by Comparison. 
By J. W. Osborne, of Washington, D. C. 

The manufacture, for scientific research, of thermometers having 
no correction, is both difficult and expensive. As usually con- 
ducted it involves the possession of a large stock of extra good 
tubing, and the selection, alter a number of trials, of pieces suffi- 
ciently perfect to secure the degree of accuracy required. This 
selection is made by the process of calibration, a tedious operation 
which requires the forcing of a short column of mercury from step 
to step through the tube, and its accurate micrometric measurement 
in every position with a view to ascertain whether or not equal 
lengths of the bore have an equal capacity. 

After such a tube is filled and sealed, the melting point of ice and 
the boiling point of water have to be marked upon it ; both very 
difficult operations requiring numerous precautions, and a thorough 
familiarity with such manipulations as well as with the causes of 
error which are always present. 

It is evident tiiat physicists and chemists generally cannot them- 
selves attempt the manufacture of standard instruments ; indeed, as 
a matter of fact, they are only made b}^ a very few of those habit- 
ually engaged in such work, costing them from ftfteen to twenty- 
five times the price of ordinary thermometers. 

The object of the present paper is to explain a method by which 
very serviceable instruments can be made by any one capable of 
using them. 

It is not difficult to get from any respectable maker an ungrad- 
uated thermometer for which a good, though by no means perfect 
tube has been used. The problem is to provide such a one with a 
scale in which the degrees shall express equal increments of heat, 
with no correction, or one so small that it may be disregarded. 

This is accomplished by comparison with a Kew or other stand- 
ard, on which perfect reliance can be placed. The method of 
comparison in its simple and obvious form is by no means new. 
It is constantly used for spirit, and short mercurial thermometers ; 
but as ordinarily practised even in careful hands it is exceedingly 
unsatisfactory, and is employed from necessity, never by preference 
for the production of exact work. 

The success of the method now to be described depends chiefly 
on the perfect and continuous agitation imparted to the water in 
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which both bulbs are immersed ; on the certainty with which the 
^position of either column is read ; on the absolute control over the 
rate at which the temper^uro rises or falls ; and finally, on the 
precision with which the scratch can be made at the proper place. 
To secure these advantages an apparatus is used consisting of an 
upright pole or staff, to which three brackets are clamped at suit- 
able places. The upper one carries the standard and new thermom- 
eter ; to the second a cylindrical vessel of thin brass to hold water, 
about five inches in diameter, and eight inches high is attached ; 
while the lower arm, by means of an upright rod at its end, helps to 
support and steady the cylinder, carrying at the same time a small 
spirit lamp which slides up and down upon the rod. The way in 
which thorough agitation is sustained in the water contained in the 
cylinder, is similar to that emplo3'^ed in the meteorological instru- 
ment submitted by me to the section last year (1875) for the deter- 
mination of sensible climatic temperature. The cover of the 
cylinder has a round opening in its centre, of about three inches 
diameter, in which revolVes^ horizontally a short ring or collar, the 
upper edge of which is grooved as a pulley, while that part which 
passes into the cylinder is connected with a flat spiral ribbon 
making three revolutions to the bottom of the vessel. This spiral 
sweeps the inside of the cj'linder without touching it. Inside the 
spiral rise perpendicularly from the bottom to which they are fast- 
ened, four narrow blades of thin brass : these are set radially, and 
leave a large space unoccupied in the centre of the cylinder to 
receive the stems of the thermometers. When the collar is set in 
motion horizontally by a little belt, which passes over two upright 
guide pulleys on the end of the bracket furthest from the cylinder, 
and down to a suitable driving pulley and fly wheel attached to 
the upright, a current of water is sent down the inside surface of 
the brass vessel, and up its centre impinging in a continuous 
current upon the bulbs of the thermometers, while innumerable 
lateral eddies strike them from the sides caused by the resis- 
tance which the stationary blades offer to the revolution of the 
water. This method of agitation is so complete that it is not 
necessary for the bulbs to be close together to experience precisely 
the same tem|)erature ; anywhere under the surface of the water 
will be found sufficient. It may be remai'ked in passing that it is 
a very difficult thing to maintain any fluid at a uniform temperature 
throughout its whole mass. I know of no other satisfactory way 



i 



BY J. W. OSBOBNE. 77 

in which it can be done, and upon success in this respect depends 
the value of the method forming the subject of the present paper. 

The introduction of water into the cylinder is effected through 
a small opening in its bottom furnished with a little conical nozzle 
outside, and a valve consisting of a strip of rubber inside, opening 
upwards. Then b^' gravitation from a movable cistern which can 
be placed on the top of the upright staff, through a piece of rubber 
tubing, the water lifts the valve and enters, while that which is 
displaced finds its way by an overflow tube, to a vessel below. 

The thermometers are attached in any suitable way to the upper 
bracket, and their stems pass through perforations in a sheet of 
thin rubber strained upon a ring, standing with short feet upon the 
top of the cylinder ; the object being to prevent the condensation 
of water upon the tubes above, which would interfere with accurate 
readings. The position of the mercury in the new tube is followed 
by a microscope with cross hair, worked up and down upon a slide 
by means of a long screw or rack. Close by this tube a strip of 
thin metal is fastened to receive the markings to be made at inter- 
vals ; and on this strip, fast to the sliding part of the microscope, 
travels a short ruler or index, the upper edge of which is coincident 
with the cross hair in the microscope. Along this edge the scratch 
is made with an exceedingly fine needle point. The next requisite 
is to read the Kew standard correctly. It is impossible to do this 
without some centrivance which will obviate the error arising from 
parallax, nor can a magnifying glass be used unless its position in 
relation to the tube is fixed and constant throughout. As instru- 
ments of this class are invariably divided on the tube, a very simple 
arrangement will suffice. A small strip of thin brass is bent double, 
so as to fit and clasp the tube on both sides with a gentle pressure, 
and slide steadily up and down. A light ring soldered to the 
folded edge of the slide with its plane parallel to the tube, and 
about three-fourths of an inch distant from it, carries a watch- 
maker's eye-glass. Between the lens and tube, and in the axis 
of the former, an index projects for setting the slide to each 
degree, and a cross-hair is stretched a little nearer to the observer 
by means of which the position of his eye is determined. 

The manner of using this instrument is as follows : — 

The cistern above being filled with hot water it is run into the 
cylinder till the maximum temperature required is slightly ex- 
ceeded ; the agitator being maintained in motion the while by an 
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assistant. If this tenapeniture is near or above the boiling point, 
the addition of some suitable salt to the water may be necessary. 
The operator now waits for the temperature to fall to near the 
point at which the first scratch is lo be made. As the mercury 
would in all probability pass it too rapidly, he retards the rate of 
cooling for the last fraction of a degree by lighting the spirit lamp, 
and raising the little bracket on >vhich it stands, till the mercury 
appears to stand still, but yet with a positive tendency downwards : 
this is very easily done, a little experience enabling him to make 
the last one-tenth of a F. degree take several minutes to fall. As 
the column in the standard falls he follows that in the new tube 
with the cross hair, and at the moment when the transit takes 
place, the index on the slide of the microscope is in the position 
where the scratch is to be made. But it is better at once to repeat 
this operation, by raising the spirit lamp with the fingers for a 
moment till the mercury has appeared above the line upon the 
standard, and then watch its gradual descent a second or even a 
third time. When satisfied that the transit is simultaneous in both 
tubes, a short line should then be carefuUy drawn upon the tempo- 
rar}'^ strip of metal. The spirit lamp is now to be depressed or 
removed, and the slide and index upon the standard lowered to 
the next place at which a reading is desired. What the interval 
should be depends upon the degree of accuracy required ; five to 
five degrees F. will give excellent results, ten to teii will be quite 
enough for many purposes, and even larger intervals may be used. 
At first the time which it is necessar^^ to wait from one interval to 
another will be short ; but as the temperature falls it will become 
inconveniently long. It is eas}', however, to curtail it to any extent 
by filling the cistern above with cold water and admitting it to the 
cylinder through the rubber tube. By compressing the tube be- 
tween the finger and thumb, the fall of temperature is so thoroughly 
under control that it can be rapidly brought down to an}'^ desired 
reading of the standard, as with hot water it can be made to rise. 
When the temperature of the cylinder approaches that .of the room, 
and from that to about 40° F., ice- water in the cistern, and ice 
applied to the outside of the cylinder must be used : from that 
temperature downwards the water from snow and salt will be nec- 
essar3^ For all low temperatures the readings must be made with 
a rising column. It is needless to say that during all these oper- 
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ations, the agitator must be kept in motion, increasing the speed 
considerably at each critical period. 

Plaving obtained all the coincidences required, a comparison of 
the length of thq intervals on the temporary scale will furnish defi- 
nite information as to the quality of the tube, and if it be good, 
and great exactness is wished, I strongly recommend the repetition 
of the whole operation from the beginning. The short scratched 
lines in this case should be made without looking at the old series, 
and as a continuation of the latter, not superimposed upon them. 
The two series should not differ more than from yg^y to y^^y of a 
degree, and will often be found perfectly coincident if the work be 
carefully done. It now remains to transfer, and in doing so to 
subdivide the intervals upon the temporary strip of metal, to 
the permanent scale in the dividing engine, or by the hand of a 
careful engraver if the greatest accuracy is not required. If the 
division is wished upon the tube it must be covered with etching 
ground, and the transfer made to it, after which it is subjected to 
the action of hydrofluoric acid in the usual way. 

It will be readily seen that the apparatus here described is also 
well adapted for the rapid and exact comparison of ordinary ther- 
mometers with a standard, and the determination of their correc- 
tions. 



Description of a Tide Gauge, for use in cold climates. By 
John M. Batcheldeii, of Cambridge, Mass. 

At the meeting of the Association in August, 1870, 1 presented 
a description of a tide gauge for use in cold climates. Several of 
the parts that were used in that apparatus may be dispensed with, 
and the more simple form of the present instrument adopted. 

The parts that relate to the record of the heiglit of the tide are 
those of the ""^ Saxton Tide Gauge,*' the same now in common use 
at the tidal stations of the United States Coast Survey. 

In that instrument the long roll of record paper, about one foot 
in width, is moved forward by clock-work and driving cylinders, 
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while a carriage and attached pencil traverses at right angles with, 
the paper and records in a curved line the varying height of the 
tide. In the present instrument the chain or cord that moves the 
pencil carriage is attached to a hollow box made of sheet copper, 
which floats upon the top of a column of gl3'cerine contained in a 
vertical iron tube. This tube is about three inches in diameter 
and is firmly secured by bolts and clamps to the wharf on which 
the whole apparatus is placed. The bottom of the tube should be 
two feet below low water-mark and the top about the same distance 
above the level of the highest tides. It must be strong enough to 
withstand the pressure and friction of floating ice. 

A nipple is inserted near the closed bottom of the tube, and to 
this the neck of an india-rubber bag is cemented and firmly se- 
cured. The bag rests upon a suitable support or platform, and is 
filled with glycerine, a sufficient quantity being' introduced to allow 
it to stand at about one foot in depth in the tube, at extreme low 
water. 

A chain or cord fastened to the top of the float is carried up- 
ward, and at a short distance above the iron tube passes around a 
pulley upon a shaft, which also carries a smaller fixed pulle}'^, and 
from this a chain leads horizontally to the traversing platform that 
holds the pencil. 

The glycerine rises and falls within the iron tube, in proportion 
to the varying height and pressure of the column of water above 
the rubber bag, the difference in the height of the two columns 
being in proportion to the difference of the specific gravity of the 
water and the glycerine. 

A mixture of pure glycerine, and an equal quantity of water 
congeals at about fifty-seven degrees below zero F. The kind 
now commonlj'^ used in gas-meters is suitable for the tide gauge, 
and I find that the india-rubber bag retains its strength and flexi- 
bility after three year's exposure to the action of the glj'cerine. 

The scale of the record made by the pencil, may be one-tenth of 
the actual range of thiB tide, and this ratio is determined by a few 
observations with the common tide staff", the exact adjustment 
being made by increasing or reducing the size of the small pulley 
that holds the chain leading to the traversing platform. 



TITLES OF OTHER PAPERS READ IN SECTION A. 



Phtstcs of the Gulf of Mexico ajtd the Mississippi River. By 
C. G. Forshey, of New Orleans, La. 

On the Molecular Character of Steam. By S. M. Allen, of 
Boston, Mass.. 

On the Distribution of Errors in Numbers written from Mem- 
ory. By F. E. Nipher, of St. Louis, Mo. 

Discussion of the General Principles of Construction of Ordi- 
nary AND Perfect Magic Squares. By J. D. Warner, of 
Brooklyn, N. Y. 

Proposed Method of Evolution. By J. D. Warner, of Brook- 
lyn, N. Y. 

Solar Influence on the Degradation of Soils by Aqueous 
Action. By Tyler MeWhorter, of Aledo, 111. 

The Specific Gravity of Lead.i By Paul Schweitzer, of Co- 
lumbia, Mo. 

On the Meteorites of Amana, Iowa Co., Iowa.^ By Gustavus 
Hinrichs, of Iowa City, Iowa. 

» 

Coordinate Surveying.^ By H. F. Walling, of Boston, Mass. 

A New Fundamental Method in Graphical Statics. By H. T. 
Eddy, of Cincinnati, Ohio. 

Certain Nej?^ Constructions in Graphical Statics. By H. T. 
Eddy, of Cincinnati, Ohio. 

> For the papers by Professors Schweitzer and Hinrichs, see the December (1876) 
number of the ^'American Chemist.'' 

*For this paper see the March (1877) number of the ** Journal of the American Society 
of Civil Engineers." 

A. A. A. S. VpL. XXV. 6 (81) 



82 TITLES OP OTHER PAPERS 

On Kent's Table of One-quarter Squares op Numbers. By S. 
J. Coffin, of Easton, Pa. 

Observations on the Diurnal Variation in the Humidity op 
the Air. By Hugo Hamberg, of Upsala, Sweden. 

On the Increase op Index of Refraction accompanying change 
OF Temperature. By T. C. Mendenhall, of Columbus, O. 

Dielectric Polarization. By Elihu Root, of Amherst, Mass. 

Spectroscopic Observations on the Sun's Rotation. By €. A. 
Young, of Hanover, N. H. 

On some recent Spectroscopic Observations of the Zodiacal 
Light. By Arthur W. Wright, of New Haven, Conn. 

Volatilization of Metals by the Electrical discharge. By 
Arthur W. Wright, of New Haven, Conn. 

The Theory of the Convertibility of Heat into Motion not 
contradicted but confirmed by the modern artificial 
ice-making and refrigerating machines worked by power. 
By p. H. Van der Weyde, of New York. 

Phenomena produced by the Union of Two Sounds. By Ru- 
dolph Koenig, of Paris, France. . 

On the Iowa Weather Stations. By Gustavus Hinrichs, of 
Iowa City, Iowa. 

On the Practicability of Cooling the Air of Buildings during 
HOT WEATHER. By Simon Newcomb, of Washington, D. C. 

Note on the Radiometer. By T. C. Mendenhall, of Columbus, O. 

Relative Market Prices of Gold and Silver, and their Influ- 
ence ON THE Metallic Monetary Standard of the United 
States. By E. B. Elliott, of Washington, D. C. 

Prices of the Bonded Securities of the United Stiltes and the 
corresponding Rates of Interest realized to Investors. 
By E. B. Elliott, of Washington, D. C. 

Exhibition of Capillary Coke, from Tracy City, Tenn. By N. 
T. Lupton, of Nashville, Tenn. 
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The following were read in the Subsection of Microscopy, 

Results op Measurements op Eleven op Mollefs Diatomaceen 
Probe Flatten. By E. W. Morley, of Hudson, Ohio. 

MiCROMETRic Measurements of Rulings on Glass by Mr. Rog- 
ers. By E. W. Morley, of Hudson, Ohio. 

MiCROMETRic Measurements op Rulings on Glass by Mr. Ruth- 
erfurd. By E. W. Morley, of Hudson, Ohio. . 

(1) On a New System of Finder for the Microscope. (2) On 
A FEW Simplifications of the Polarizing, and of the Spec- 
troscopic Microscope. (3) On some Modifications and 
Special Attachments to the Microscope for Chemical 
Research. By P. H. Van der Weyde, of New York. 

Results obtained by Double Staining op Muscular Tissue of 
Amphiuma with Picric Acid and Carmine. By George 
Beatty. 

Remarks on some American Contributions to the Development 
OF THE Modern Microscope. By R. H. Ward, of Troy, N. Y. 

Simple Means of adopting the Binocular Microscope to De- 
fects in the Eye. By W. H. Bullocks. 

A method for Comparing the Blood Corpuscles of various 
animals. By C. L. Mees, of Columbus, Ohio. 

On the Combined Compression and Stage-forceps Cakbieb. 
By R. H. Ward, of Troy, N. Y. 
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Fellow Members op the Association — 

Ladies and Gentlemen: — 

By a resolution passed at the Detroit meeting of this Associa- 
tion, it was made the duty of the Chairman of the Subsection of 

• 

Chemistry to prepare an address for the present occasion upon 
some subject of interest to the section. Before complying with 
this request, however, and before asking j'^our attention to the few 
thoughts which I have to offer for your consideration, I deeire to 
congratulate you upon the arrival of the One Hundredth Anniver- 
sary of our existence as a nation, and upon the ver}'^ successful 
celebration of this important event which is now in progress in 
the International Exposition at Philadelphia. While the illustra- 
tions of chemical industry there exhibited are not as extensive, 
for obvious reasons, as those which have been seen at previous 
exhibitions, yet the presence of vanillin and coniferin, of resorcin, 
fluorescein and eosin intlicates great chemical progress even since 
1873. Moreover, the excellent character and the magnificent 
display of pharmaceutical and industrial chemicals from our own 
country is a matter of pride, as foreshadowing a most brilliant 
future. 

(85) 
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It has also been a matter of great satisfaction to us to receive 
and to welcome so many chemists of eminence from foreign coun- 
tries, who came here officially either as commissioners or jurors. 
The names of Odling and of Lowthian Bell, of Von Wagner, Vo- 
gel and Martius, of Nordenskiold and Akerman, of Paterno, von 
Baumhauer, De Wilde, Kjerulf, Kittary and Kuhlmann (fils) are 
well known to us in the literature of our scfence, and have been 
worthily enrolled upon the pages of the exhibition record. While 
it is our sincere regret that so many of them have already been 
called away by the pressure of home duties, we warmly^ welcome 
here to-day those of them who have remained to participate in our 
meeting. 

Another event has taken place, which is of especial interest to 
the members of this subsection. I allude to the formation of the 
American Chemical Society. The movement originated in the 
city of New York and the preliminary meeting was held on the 
6th of April last. At a subsequent meeting held on the 20th, a 
constitution and by-laws were adopted and a list of officers 
elected. The new society commences its existence under the most 
favorable auspices, about two hundred resident and non-resident 
members being already enrolled upon its books. The most cor- 
dial relations exist between the society and this subsection. To 
continue these relations, it might be desirable to hold the August 
meeting of the society jointly with that of this subsection of the 
American Association. 

With these preliminary remarks, I pass to the consideration of 
the subject which I have chosen to present to j^ou, and which 
I trust may prove of interest to the chemists present. I ask you 
to consider with me some of the ideas which exist to-day in science 
concerning the Molecule and the Atom, especially as they appear 
when viewed from the chemical standpoint. Said Professor Can- 
nizzaro, in his Faraday lecture i^ "I do not hesitate to assert 
that the theory of atoms and molecules ought to play in tiie teach- 
ing, of chemistry a.part analogous to that of the theory of vibra- 
tions in the teaching of optics." Clearness of conception on our 
part, being essential to clearness of statement before those whom 
we instruct, an attempt to state this theory of atoms and mole- 
cules cannot fail to be of service in so far as it is successful. 

The best evidence for the existence of matter is its necessity. 
Hence eminent authority defines it as " that which is essential to 
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the existence of the known forms of energy, without which, there- 
fore, there could be no transformations of energy." ^ xhe divisi- 
bility of matter is at once a metaphysical and a physical question. 
It is obvious ever3^where that masses of every form of matter 
known — saving, perhaps, the light-ether — are capable ^f division 
with more or less readiness. But is there any limit to this divis- 
ion, other than the imperfection of the means employed? Here 
ph3'sics and metaphysics are at variance, and the former boldly 
avers that there is a limit. A fragment of salt for example, sus- 
tains subdivision only to a certain extent. Divide it but once 
again, and the salt, as such, disappears, and in its place we have 
the two new substances, sodium and chlorine. This limiting par- 
ticle is called a molecule. It is the smallest particle of any sub- 
stance which can exhibit the chemical properties of that substance. 
The aggregation of molecules constitutes a mass ; hence the mole- 
cule is the physical unit — the ultimate particle or centre of the 
physical forces. 

What now in the light of modern physics, is the molecule? 
What is its size and weight ? And is it at rest or in motion ? The 
relative size of material molecules has long been known and forms, 
the starting point of chemical investigation. The law of Avoga- 
dro, enunciated by him in 1811,''' but more recently placed by 
Boltzmann on a surer foundation,^ asserts that in equal volumes 
of all gases there is the same number of molecules. The proof 
of this law is found jointly in that of Boyle, published in 1662,^ 
and in that of Charles published a short time after.^ The former 
of these laws states that the volume of any gas is inversely as the 
pressure to which it is subjected ; and the latter that the co-efficient 
of dilatation by heat is nearly the same in all permanent gases. 
Since all gases are alike in these respects, they must be alike in 
their molecular constitution upon which the phenomena depend. 
But if it be true that equal volumes of all gases contain the same 
number of molecules, it is also true, as a necessary deduction, that 
all gaseous molecules must be of the same size. The relative size 
of molecules is therefore determined. 

The determination of the absolute size of a molecule, even ap- 
proximately, would have been but a few years ago an entirely 
hopeless task. But now the problem has been attacked and solved, 
and numbers are given for the sizes of molecules which agree ex- 
cellently well even when deduced from widely different data. The 
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best results of this sort which have been obtained are those of 
Thomson and MaxwelU To comprehend their reasoning it is 
necessary to premise the heterogeneity of matter. '^ A body is 
called homogeneous," say Thomson and Tait,® "when any two, 
equal, similar parts of it, with corresponding lines parallel and 
turned towards the same parts are undistinguishable from one 
another by any difference in quality." But if we apply this defi- 
nition to matter without any limitation as to the size of the parts, 
there is no reason to believe that any form of matter known to us 
is homogeneous. More than thirty years ago Cauchy showed 
from a mathematical investigation of dispersion, "that in palpably 
homogeneous bodies such as glass or water contiguous portions 
are not similar when their dimensions are moderately small frac- 
tions of a wave length of light." ^ This result, it is evident, is 
the same with that obtained above when by continual sub-division 
of a mass, the molecule was reached as a final particle. The 
heterogeneity of matter then in this sense, lies in the fact that it 
is made up of molecules separated by intervening spaces ; a struc- 
ture without which dispersion is impossible. Now by the discov- 
ery of Cauchy, just given, inasmuch as we know the length of a 
wave of light, we may by assuming the small fraction spoken of, 
arrive at an approximation to the size of a molecule. Taking the 
wave length at 1-2,000 of a millimeter, and assuming that the 
distance from the centre of one molecule to the centre of the next 
cannot be less than 1-10,000 part of this value,^^ we have one 
twenty-millionth of a millimeter as the diameter of the molecule ; 
t, e., the measure of the coarse-grainedness of matter. 

A second method of determining the approximate size of mate- 
rial molecules, is one which we owe to Sir William Thomson.^^ It 
is founded on the important fact, asserted by Volta, but denied 
until put beyond dispute by Thomson, that when a zinc and a 
copper plate are placed in contact, either directly or by means of 
a connecting wire, the zinc is positively and the copper negatively 
electriiaed. Since, therefore, the two bodies attract each other, it 
is clearly possible, by measuring the attraction, to calculate the 
amount of work which would be done by their coming together. 
A plate of zinc and a^ plate of copper one centimeter square in 
metallic connection separated by one hundred-thousandth of a 
centimeter, attract each other with a force of two grams. The 
work done in bringing these plates into this position is two hundred- 
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thousandths of a centimeter-gram. The work done by electric 
attraction in forming a pile of fifty thousand such plates would be 
two centimeter-grams. But by the law of Joule, this work is 
equivalent to an amount of heat sufficient to heat the mass 1-16,120 
of a degree. If, however, the space between the plates be reduced 
to a hundred-millionth of a centimeter, the heat generated would 
raise the mass by 62° ; and if to a four-hundred-millionth, by 990 
times the amount required to warm it 1 ° C. Now as this is a far 
greater amount than that actually produced by their chemical union, 
the inference is a fair one that we have exceeded the limit of the 
heterogeneity in these metals. Hence the coarse-grainedness of 
this matter, and hence the molecular magnitude, does not probably 
fall below one thirty-millionth of a millimeter. 

A third calculation of the size of molecules is founded on data 
obtained from the soap-bubble film, and is also due to Thomson. ^^ 
The force with which such a film contracts — shown commonl}' by 
using the stream of air issuing from the stem of a pipe on the 
bowl of which is such a bubble, to blow out the flame of a candle — 
is a measure of the work done in stretching it in units of force 
per unit of breadth. In the case of pure water, this contractile 
force is about sixteen milligrams weight per millimeter of breadth. 
Hence the work done in stretching it, measured in millimeter-milli- 
grams, is sixteen times the increase of area in square millimeters, 
provided only that the contractile force is not reduced by this 
diminution in thickness of the film. To prevent the fall of temper- 
ature which would necessarily accompany the drawing out of this 
film, it has been demonstrated that about half as much more energy 
in the form of heat must be supplied to it. Hence for every square 
millimeter added to the area of a film of water whose temperature 
remains constant, its total energy is increased by twenty-four 
milligram-millimeters. A film one millimeter thick requires, to 
extend its area ten thousand and one fold, an expenditure of work 
for each square millimeter of the original film — or each milligram 
of its mass — of 240,000 millimeter-milligrams. Its thickness 
would thus be reduced to a ten thousandth of a millimeter, and 
the temperature of the whole would be raised b}'^ the heat-equiva- 
lent of this work, by only half a degree centigrade. But experi- 
ment proves that there is no diminution of the contractile force 
with this thinness of film, and hence that the number of molecules 
in its thickness is considerable. If, however, we extend the film 
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yet more, so that its thickness is reduced to a twenty-millionth of 
a millimeter, the work expended in doing this is two thousand 
times greater, and its heat-equivalent would be 1,130 times that re- 
quired to raise its temperature by 1°C. Now since far less work 
than this would be sufficient in the form of heat to destroy the 
liquid as such (and of course its contractile force) and convert it 
into vapor, it is clear that the contractile force of a water-tilm 
diminishes greatly before it attains a thickness of one twenty- 
millionth of a millimeter. As such a diminution is inconceivable 
so long as there are several molecules in the thickness of the film, 
it follows that there are not several molecules in the twenty-milr 
lionth of a millimeter. 

The fourth and last method is one based by Thomson,*^ and 
subsequently by Maxwell, ^^ on the phenomena of gaseous diffusion. 
It is well known that if one gas be placed in presence of another, 
the lighter being uppermost, after a time, longer or shorter accord- 
ing to the density of the individual gases mixed together, they 
will be found thoroughly intermingled. Loschmidt,^^ in 1865, 
from his experiments, and subsequently Clausius,'^ on theoretical 
grounds based on the theory of molecular motion in gases, which 
we shall presently refer to, has proved that "the average length 
of the free path of a particle from collision to collision, bears to 
the diameter of ^ach molecule, the ratio of the whole space in 
which the molecules move, to eight times the sum of the volumes 
of the molecules." Hence the number of molecules in the unit of 
volume is equal to the square of this ratio, divided by the volume 
of a sphere whose radius is equal to the average length of free 
path. If we assume with Maxwell, that in a liquid, the volume of 
any substance is nearly that occupied by the molecules themselves 
in contact, we see that, since experiment renders doubtful the con- 
densation of any known gas to one forty- thousandth of its volume 
without reducing it to a liquid, the ratio of the volume of a gas 
to the combined volume of all the molecules contained in it is as 
40,000 to 8 or- as 5,000 to 1. But this by the statement of 
Clausius above given is the ratio which the length of the free path 
of a molecule of gas bears to the diameter of this molecule. If 
then we accept one ten-thousandth of a millimeter as the length 
of the free path, which is the value given by Joule and Maxwell, 
it follows that as this length is five thousand times that of the 
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diameter of the molecule, the diameter of the molecule must be 
one fifty^-millionth of a millimeter.* 

Moreover, the number of molecules in a cubic centimeter of any 
gas, being the quotient of the square of the above ratio, (5,000)^ 
z= 25,000,000, divided by the volume of a sphere whose radius 
is one hundred thousandth of a centimeter, cannot be greater than 
six thousand million million million (6 X 10 2*). In the case of 
liquids and solids, which vary in density from five hundred to six- 
teen thousand times that of atmospheric air, the nuipber of mole- 
cules in a cubic centimeter may vary from three million million 
million million to a hundred million million million million (3X lO^^ 
to lO^S). And the distance from center to center of these mole- 
cules, assuming that they are arranged in the form of a cube, 
would be from one fourteen-millionth to one forty-six-millionth of 
a millimeter. 

From the rather remarkable coincidence of the results which 
have just been obtained from independent and widely different 
data, it 'may be concluded with a high degree of probability that 
in ordinary liquids or solids the diameter of the molecule is less 
than the ten millionth, and greater than the two hundred millionth 
of a millimeter. 

The next point of interest concerning the molecule, is its weight. 
The relative weight of molecules is readily determined and is fre- 
quently used in the fixing of rational formulas. From the deduc- 
tion from Avogadro's law already given, that equal volumes of all 
gases contain the same number of molecules, it necessarily follows 
that the weight-ratios of equal volumes of all gases must be also 
the weight-ratios of their molecules, which is Gay Lussac's law.^^ 
Because for example, a liter of h3^drogen weighs -0896 gram, and 
one of oxygen weighs 1*4298 grams — the weight-ratios here being 
1 :16 — it follows that the molecule of oxygen must be sixteen 
times as heavy as the molecule of hj^drogen. If the hydrogen 
molecule be assumed as a standard, the molecular weight of any 
gas will be represented by its weight-ratio. Since, for reasons 
presently to be given, the molecular weight of hydrogen is called 
two, the molecular weight of any other substance in the state of 
gas will be twice the weight-ratio ; i. e., twice the density. As 

♦Loschmidt (loc. cit.) gives one-millionth of a millimeter as the diameter of an air 
molecule. Maxwell (loc. cit.) gives one two-millionth of a millimeter as the diameter 
of a hydrogen molecule. 
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the molecule does not lose or gain matter when the physical state 
is changed, the molecular weight of a body in the liquid or solid 
Btate is the same as in the gaseous. As to the absolute weight of 
a molecule, it may be readily obtained, of course, by dividing the 
weight of a cubic centimeter of the substance in the gaseous state, 
by the number of molecules contained in that volume of hydrogen, 
fts already given. This has been done for several gases by Pro- 
fessor Maxwell.*® 

There is one circumstance connected with this question of 
molecular weight which deserves some attention. I refer to pbj'- 
fiical isomerism. Several years ago in his excellent researches on 
radiant heat, Tyndall observed discrepancies between the absorp- 
tive power of gases for heat as obtained by experiment, and that 
which would have been predicted on the theory of molecular 
Btructure thus far assumed. ^^ If it be true, as the modern theory 
supposes, that radiation is but the communication of molecular 
vibrations to the ether, and absorption, which is its precise corre- 
late, only the reception of motion from it, then it is obvibus that 
radiating and absorbing power should be increased by molecular 
complication. And this in general is what Tj^ndall's experiments 
showed to be true ; olefiant gas being a better absorber than marsh 
gas, marsh gas than carbon dioxide, and carbon dioxide than nitro- 
gen or any simple gas. But there are exceptions to the rule ; thus 
the absorption of hydrogen being unity, timt of chlorine is 60, 
that of bromine is 160, and that of hydrobromic acid is 1005, al- 
though the molecular structure of all these bodies is commonly 
regarded as similar. A consistent application of the theoiy of 
molecular complication would require us to suppose aggregations 
of simple molecules which exist and act as the abvsorbing and 
radiating particles. This opens the question at once : Is tho 
chemical molecule, which is dctined as the least collection of atoms 
which can exist in the free state, identical with the physical mole- 
cule? Or are there varieties of the latter made up of several of 
them united into one? The assumption that there are such varie- 
ties, is the basis of the theor}'^ of physical isomerism. It has l»eeu 
invoked to account for the different rotatory action on i)olarized 
light of chemically identical forms of amyl alcohol and other bod- 
ies.20 ]3qI; the most remarkable instance of it, and one which, it 
must be admitted goes far lo establish the hypothesis, is the recent 
discovery by Laubenheimer^i of four forms of nitrometachlornitro- 



CHAIRMAN OF SUBSECTION OF CHEMISTRY. 93 

benzene, three of which are solid and one liquid. All these forms 
are chemically identical, and indeed are capable of conversion by 
very simple means, the one into the other. But physicall}"^ they 
are entirely distinct. Of the solid forms, two crystallize in the 
monoclinic system, though with different axis- ratios and different 
angles of inclination, the other crystallizes in the orthorhombio 
system. The a form fuses at 36 •S", the ^ form at 37 -1°, and the 
y form at 38 'e®. The discoverer explains these phenomena very 
properly upon the hypothesis of Naumann,^ that the crystal mole- 
cule of the more stable modification is formed from a greater, the 
less stable from a smaller number of chemical molecules. 

A final question remains to be asked concerning molecules — are 
they at rest or have they relative motions among themselves? 
Just at the close of the last century, Rumford proved most con- 
clusively that work could be converted into heat.^^ ^^d as the 
conversion seemed perpetual, he argued most acutely that heat was 
not matter but motion. It is entirely unnecessary for us to stop 
here to give the proofs of the dynamic theory of heat. The mag- 
nificence of the science of Thermo-dynamics which rests upon it, 
is the best evidence of its truth. But there is one phenomenon 
worth considering for a moment, because it furnishes direct proof 
of this motion. This is the phenomenon of diffusion. The inter- 
penetration of one gas by another, even through a porous parti- 
tion, is due, according to the kinetic theory of gases of Clausius,^* 
to the actual passage of molecules from one into the other in vir- 
tue of their actual velocities. In gases, all molecules move in 
straight lines, and hence impinge against each other and against 
the walls of the containing vessel. The pressure then which a 
given volume of gas exerts upon a given surface is a function 
both of the number and of the velocity of the molecules. If we 
increase the number of molecules in a given volume, i. e. the den- 
sity, we increase the pressure proportionately. This is the law of 
Boyle.^ If we increase the velocity of the molecules, i. e. the 
temperature, we cause expansion, since the number of impacts is 
increased. Moreover since all gases have the same number of 
molecules in equal volumes, they all expand equally for an equal 
increase of temperature. This is the law of Charles.^^ In liquids 
as well as in gases, we have the phenomenon of diffusion due to 
the same cause. But since the molecular motion is very much 
restricted, the diffusion takes place with corresponding slowness. 
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Granted now the motion, what are its quantitative relations? 
How fast do molecules move ? The first answer to this question 
was given by Joule ^ who sought to ascertain by calculation what 
the molecular velocity must be in hydrogen to produce in a given 
volume the pressure observed. The result showed that in this gas 
at the ordinary temperature and pressure, the velocity of mean 
square of the hydrogen molecules was 6,097 feet per second, or 
about seventy miles a minute. As they move in straight lines, 
and as the length of the free path between two successive en- 
counters is only from one twelve thousandth to one twenty thou- 
sandth of a millimeter, it may easily be calculated that the number 
of collisions made by each hydrogen molecule in a single second is 
seventeen thousand seven hundred million. Maxwell has calcu- 
lated these values for oxygen, carbonous oxide and carbonic di- 
oxide.28 Calling the velocity of hydrogen 1,859 meters per second, 
that of oxj'gen is 465 meters, that of carbonic oxide 497, and that 
of carbonic dioxide 396. The number of collisions made by each 
molecule per second is, for oxygen 7646, for carbonic oxide 9489, 
and for carbonic dioxide 9720 millions. In air the number of col- 
lisions made by each molecule is only one-half of that above 
given for hydrogen, and the average molecular velocity one-fourth 
as great as for the latter gas. 

Having now discussed pretty fully the molecule, we come to ask 
of it as we did before of the mass — is it divisible ? In the case 
of the salt, to use our previous illustration, we observed that so 
soon as the molecule was reached, further subdivision produced 
particles of matter entirely unlike salt, called chlorine and sodium. 
The evidence that these particles are i*eally smaller than mole- 
cules, is found in Hofmann's argument for the composition of 
hydrochloric acid.^s Suppose a certain volume of hydrogen to 
contain 1,000 molecules; then the same volume of chlorine will 
contain 1,000 molecules also. If now these two volumes be 
mixed and then caused to combine, there will result two volumes 
of h3'drochloric acid gas containing 2,000 molecules. If now the 
new gas be analyzed, each molecule of it will be found to contain 
both hydrogen and chlorine. The particles of chlorine and the 
particles of hydrogen must therefore be less than the molecules of 
which they are parts. As each molecule of the compound gas 
contains one atom of chlorine and one of hydrogen, the 2,000 
molecules must contain 2,000 of each. But the 2,000 atoms of 
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hydrogen came from the 1,000 molecules, and the same is true of 
the chlorine ; hence a molecule of hydrogen is composed of two 
atoms. An atom then is the smallest portion of matter which can 
be reached by nature's processes of subdivision. It is generally 
defined as the smallest particle of simple matter which can enter 
into the composition of a molecule. 

Let us pause here a moment to say that no metaphysical con- 
ception at all attaches to the modern idea of atom. With the 
question whether it can be divided, chemistry does not concern 
itself. The word atom came into use to express a universally 
conceded fact expressed in the law of definite proportions ; namely, 
that a certain definite quantity of matter by weight combines with 
a similar definite quantity of some other matter. The smallest 
quantity of any substance which is found ever to enter into com- 
bination, is called an atom. No real objection, it would seem, can 
lie against the idea of atom when defined in this way. If we con- 
cede that the molecule has as real an existence as a mass, I see 
no reason for not conceding the same to the atom. 

The first point of chemical interest about an atom is its weight. 
The relative weight of an atom referred to that of hydrogen as 
the unit is called its atomic weight and is one of the most impor- 
tant of chemical constants. To ascertain the atomic weight of an 
element, two distinct processes are required : First, the ratio in 
which it combines with some other substance whose atomic weight 
is known, is necessary ; and second, the molecular weight of the 
compound analyzed, must be obtained. Thus, given marsh gas, 
to fix the atomic weight of carbon. Analysis shows that in 100 
parts of marsh gas there are seventy-five parts of carbon and 
twenty-five of h3^drogen ; which is in ratio of 3 : 1. Tliree parts 
of carbon then unite with one of hydrogen. By the balance one 
liter of marsh gas weighs 0*716 gram, or eight times as much as 
a liter of hydrogen. Hence its molecule must be eight times as 
heavy ; and as the hydrogen molecule weighs two, the molecular 
weight bf marsh gas is sixteen. Now of these sixteen parts, we 
have shown above that three-fourths is carbon and one-fourth hy- 
drogen. One molecule of marsh gas contains, therefore, twelve 
parts of carbon and four parts of hydrogen. On comparing this 
quantity of carbon with that contained in other single molecules 
into which carbon enters, it is found to be the smallest. By our 
definition therefore, twelve being the smallest quantity by weight 
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in which carbon enters into the formation of a molecale, is its 
atomic weight. 

The absolute weight of an atom is a datum of no practical value 
at present in chemistry. Yet as a matter of curiosity as showing 
the minuteness of the quantities with which we are dealing, it may 
be worth while to calculate it from the data already given con- 
cerning molecules. If we take Thomson's estimate, a cubic centi- 
meter of hydrogen cannot contain more than six thousand million 
million million molecules. As now this cubic centimeter weighs 
•0896 milligram, it is obvious that the weight of one molecule of 
h^^drogen is '0896 divided by (6 X lO^i) milligrams. This is equal 
to -015 -T- 1021 z= -000,000,000,000,000,000,000,015. As an hydro- 
gen atom weighs one-half as much as its molecule, we infer that 
its weight cannot be less than -000,000,000,000,000,000,000,0075 
milligram (being seventy-five ten million million million millionths 
of a milligram). On Maxwell's hypothesis ,3® that a cube centi- 
meter of hydrogen contains) but nineteen million million million 
molecules, the weight of an atom would be considerably more; 
namely, two hundred and thirty-five hundred thousand million 
million millionths of a milligram or about three hundred times 
as great.* 

Our second question concerning the atom refers to its motion — 
have the atoms within any molecule a motion independent of that 
of the molecule itself? Since, while all molecules in the gaseous 
state are of the same size, they contain widely different numbers 
of atoms, and this without interfering apparently with each other, 
it follows that the spaces separating the atoms within the molecule 
must be far greater than the diameter of the individual atoms. 
The a priori argument therefore, renders highly probable the exist- 
ence of atomic motion within the molecule. And the actual facts 
observed justify this conclusion. Clausius has shown on the dy- 
namical theory of heat that the total energy of all the motions in 
a gas is proportional to the absolute temperature.^^ But the total 
energy of a gas is made up of that due to the progressive motion 
of the molecules as a whole, and of that arising from the vibratory 
and other motions of the constituent atoms. And as these are 
parts of a connected system, it is evident that there must be a 
definite ratio between the total energy of any gas and the energy 
of the progressive motion of its molecules, which is' the measure 

*Annaheim, Ber.Berl. Chem. Ges., ix, 1151, 1876. 
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of the temperature. This ratio has been actaally measured in the 
case of air and of several other permanent gases. The most 
satisfactory evidence, however, of the existence and of the nature 
of atomic motion is afforded by the phenomena of spectrum analy- 
sis.3^ Since within certain limits the atoms within any molecule 
do not part company, it is clear that their motion must be of the 
nature of a vibration or a rotation, while that of a molecule is 
progressive. It is obvious then that molecular motion must be 
excessively complicated and its expression entirely beyond the 
powers of analysis. But on the other hand, atomic motion is 
simple, being either directly harmonic, or capable, by Fourier's 
theorem, of resolution into a definite number of harmonic motions. 
Consider now what takes place in a gas at ordinary temperatures. 
The molecules, moving with great velocity, are continually imping- 
ing upon each other. The shock of the impact not only alters the 
direction of the moving molecule, but it sets into motion its 
atomic system; and this vibration which is harmonic, preserves 
its character during the whole of the free path it traverses, or 
until the next encounter. While, therefore, the amplitude of the 
vibration is determined by the force of the collision, the period is 
fixed by the constitution of the molecule. If, now, the tempera^ 
ture of the gas be raised, the velocity of its molecules will be in- 
creased, and with the increased force of collision, the amplitude 
of the atomic vibration will become greater. And if this vibra- 
tion, when its amplitude becomes sufiScient, be communicated to 
the surrounding ether, it will produce therein waves of a definite 
length and refrangibility. These, when analyzed by a prism, will 
give a spectrum consisting of bright lines corresponding to these 
refrangibilities. The spectrum lines of the elements then, repre- 
sent simply disturbances of the ether by regularly vibrating 
molecules. Hence the spectrum becomes a test for the rates of 
vibration of the atoms within the molecules ; and, therefore, since 
the period <^ vibration is fixed for every atom, a test for the atoms 
themselves wherever situated, provided only their light can reach 
the eye. The period of the hydrogen atomic motion in the labora- 
tory, coincides exactly with that which takes place on the sun, on 
Sirius, or even in the remotest nebula of space. 

The greater the tenuity of the gas, the longer obviously is its 
free path, and the greater the time during which the harmonic 
vibration is uncomplicated by collisions. Hence the purity of 

A. A. A. S. VOL. XXY. 7 
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the spectra of rare gases such as hydrogen, and of all gases when 
rarefied artificially. If, on the other hand, the density of a gas be 
increased, the free path is shortened, the collisions become more 
frequent, the regularity of the vibration is disturbed, and the 
spectrum lines widen to bands. Finally, the molecule has little 
or no free path, its motion becomes complicated, waves of all 
lengths arc produced, and as Frankland and Lockyer have shown,^ 
the spectrum becomes continuous. The same result is attained by 
an increase of temperature. The increased velocity of the mole- 
cule increases the shock of collision and consequentl}"^ the ampli- 
tude of the vibration. At the same time waves of shorter period 
ai*e developed. So that the final result is a continuous spectrum 
as before. In the case of liquids and solids, as we have seen, the 
molecules have scarcely any free paths. Whence it follows that 
liquids and solids when incandescent, can give only continuous 
spectra. This is a well known fact. 

A third argument for the existence of atomic motion is based 
on the phenomenon of dissociation and on the mechanical theory 
of electrolysis. The opinion has been expressed by Clausius^'* 
that under certain circumstances, the atomic vibration developed 
by molecular collision may be so intense as to overcome the attrac- 
tion by which these atoms are held together, so that they go wan- 
dering .about seeking new partners. If the conditions are such 
that during a given interval of time, as many of these atoms unite 
as sepai-ate, and this in the same way, then evidently there will be 
no change in the composition of the gas. But if the temperature 
is so high that there are more separations than unions, the unions 
being less complex, then there is dissociation. The same assump- 
tion Clausius makes use of to explain electrolytic decomposition. ^^ 
If, while this rapid decomposition and recoraposition of molecules 
is taking place, some directive force be introduced, tending to urge 
certain of the atoms in one direction, and others in the opposite, 
there will obviously be a tendency for similar atoms to unite since 
they find themselves associated. Hence electrolysis produces sim- 
pler molecules from complex ones. Wiedemann has adopted this 
hypothesis and has extended it, by comparing the phenomena of 
electrolysis to those of ditlusion.36 He believes that the electric 
conductivity of an electrolyte depends upon the coeflficient of 
■diifusion of its constituent elements through each other. 

The power of atoms to enter into combination with each other 
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is usually ascribed to a force of attraction resident in tfit 
combining power of an atom is distinguished : first, by the quality 
of its action ; and second, by the quantity of this action. The 
first of these was prominently recognized in Berzelius*s electro- 
chemical system, 37 and the elements were classified as relatively 
positive and negative, according as thej'- were evolved in electrol- 
ysis at the negative or the positive pole. The entirely distinct 
character of these two parts which the elements may play, and 
the wide differences of properties which are apparently due solely 
to this difference of quality in the combining power, go far to give 
it a prime importance. But why, for example, the union of hy- 
droxy 1 to chlorine should yield an acid, and to potassium a base, 
we cannot as yet form any idea. The quantity of the combining 
power possessed by an element, as at present used in chemistry is 
somewhat ambiguous, it being employed in two different senses. 
In the first place, it signifies the quantity of a standard element 
with which the atom can combine ; and under this definition, is 
commonly called equivalence. Its second signification refers to 
the strength of the attraction with which an atom holds another 
of whatever kind ; this conception is fixed in the word chemism. 
There is at present no known relation between the two quantities 
now defined. An atom may have a large equivalence and at the 
same time its chemism may be very feeble. Indeed from certain 
facts it would appear that in a certain sense, the chemism of a 
body is inversely as its equivalence. 

The equivalence of an atom is measured always by the number 
of hydrogen atoms with which it can combine or which it can re- 
place. But as the whole value of the idea depends upon the 
invariability of the standard, and as there is no good reason why 
the hydrogen atom alone of all the sixty-four at present known, 
should have an invariable equivalence, it cannot be long before the 
conception of equivalence will be merged in some higher general- 
ization. There is no question that the theory now under discus- 
sion has been and still is, of the greatest service in chemical 
science, the whole superstructure of organic chemistry resting on 
the tetrad character of carbon first established by Kekule.^^ Not- 
withstanding all this, it is impossible to form any conception of 
its real essence. Why, for example, should the equivalence of an 
atom vary by two, so that when once even it always remains even ? 
Again, what shall determine the upper limit of equivalence? The 
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highest equivalence of any atom which has thus far been directly 
ascertained is six in tungsten, when it forms the hexachloride ; 
though indirect evidence renders seven, and even eight probable. 
Clarke, in a paper read before this section last year,^ came to the 
conclusion, from geometrical considerations, that the highest equiv- 
alence possible to any atom is twelve. 

We have already defined chemism as an attraction between 
atoms in view of which they unite with one another. Relatively, 
approximate measures have been made of the value of the chemism 
for different atoms ; but no determination of its absolute strength 
has yet been given. One of the most successful of the early at- 
tempts to measure the chemism of atoms is that of BerthoUet. In 
his ^'Statique Chimique"^^ he formulates the two laws known by 
his name, which have been of much service, especially as modified 
by Dumas.'** He rejected the idea of an *' elective affinity" and 
showed that when a base in solution was acted on by several acids 
it was divided among them, the activity of each acid being pro- 
portional to its chemical mass ; or, as we should say to-day, to 
the product of the reciprocal of its equivalent by the number of 
equivalents.^^ In the light of present science, we see that he 
mistook physical for chemical phenomena, and that his laws are 
founded upon molecular rather than upon atomic attraction. Let 
me observe here that the tables of afiSnity so-called, found in text- 
books, though now fortunately more rare than formerly, are use- 
less for the same reason. 

For nearly all the light which has been thrown in recent years 
upon chemism, we are indebted to electrical and thermal investiga- 
tions. The magnificent development given to the science of 
energy during the past one or two decades, while it^has not enabled 
us to approach nearer to the essence of attraction, has yet enabled 
us to measure it accurately in terms of work. The strength of 
gravity is expressed in units of work or foot-pounds, the force 
being greater according as more work must be done against it in 
moving a body of given weight through a ^iven distance. But as 
Joule has shown that one heat-unit is mechanically equivalent to 
772 foot-pounds,^3 [^ [^ evident that the force may be measured 
in terms of the heat absorbed in overcoming it, or in terms of any 
other force so employed. 

Considering in the first place, electrical investigations in this 
direction, we find that the force of chemism has been shown by 
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Thomson to be capable of expression in a perfectly definite meas? 
ure, that measure being electromotive force.^ The numerical 
value, he says, of the electromotive force which expresses the re- 
sultant chemism involved in a given reaction, is equal to the me- . 
chanical value of the whole heat evolved during this reaction, . 
when one electro-chemical equivalent of each substance enters into 
the combination. The electro-chemical equivalent here referred 
to is the same as that derived by Faraday from electrolysis, and 
according to which he classified the elements.^^ It may be defined 
as that quantity of matter which has the same combining or re- 
placing power as one part of hydrogen by weight. If for example 
an electric current of precisely the same strength acts upon hydro- 
chloric acid, water, and ammonia, for every molecule of hydro- 
chloric acid decomposed, one-half of a molecule of water and one- 
third of a molecule of ammonia will suffer decomposition. It will 
be noticed that the quantity of hydrogen set free is the same in 
each case, and hence that that of the other constituent — being 
the quantity which combines with one part of hydrogen — is its 
electro-chemical equivalent. By this rule, therefore, the quanti- 
ties represented by H, CI, O^, N^, (SO^) j, are electro-chemical 

equivalents of these bodies. Precisely as, in accordance with the 
theory of energy, force is evolved in chemical union, so in elec- 
trolytic separation, it is absorbed. Hence there is developed in. 
the circuit a counter electromotive force which is proportional ex- 
actly to that fraction of the energy which is transformed into 
chemism. 

In case there is no resistance in the external circuit — and conse- 
quently no work done there by the current — all the heat evolved 
appears in the battery cells themselves ; while, if chemical decom- 
position takes place in the external circuit, there is less heat in the 
battery, the kinetic energy of heat being converted into the poten- 
tial energy consumed in overcoming chemism. 

But the most light which has been thrown on chemism, has been 
that derived from thermo-chemical investigations, particularly those 
of Berthelot^^ and Thomsen.^^ In these investigations the object 
has been to make a careful study of the thermal changes which take 
place during chemical reactions. Th» results which have been ob- 
tained are formulated in three most important laws by Bertheloti 
which are as follows :^ 

1st. The amount of heat set free in any chemical reaction 
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whatever is a measure of the total work, both chemical and phys- 
ical, accomplished in the reaction. 

2d. If a system of bodies, either simple or compound, taken 
under definite conditions, undergoes physical or chemical changes 
capable of bringing it to a new state without producing any me- 
chanical effect exterior to the system, the amount of heat which is 
set free or absorbed as the effect of these changes, depends only 
on the initial and final state of the system ; and remains the same 
whatsoever be the nature or the order of the intermediate stages. 

3d. Every chemical change which is effected without the aid 
of foreign energy, tends to the production of that body or system 
of bodies which evolves the most heat. 

The value of these laws to the elucidation of all questions of 
chemical dynamics, can hardly be overestimated. We have now, 
however, to concern ourselves only with the third, in illustrating 
the subject under discussion. In the first place, it should be ob- 
served that this law is a necessary consequence of the theory of 
energy. The amount of energy which a body has is a measure of 
the force with which it can combine. If such a body in combining 
does not part with all its heat, it will have the power of entering 
anew into combination ; i. e., it will be unstable. Hence the larger 
amount of heat which the body loses in combining, the more stable 
the compound which is formed. The analogy with mechanical 
equilibrium is complete. 

The illustrations of this third law, which are given by Berthelot, 
are numerous and interesting. Considering, in the first place, 
direct combinations, he shows that while the union of nitrogen 
dioxide with oxygen to form the trioxide evolves ten calories, its 
union with oxygen to form the tetroxide evolves seventeen. Hence 
the latter is always formed in the presence of an excess of oxygen. 
Tin, in forming stannous oxide, evolves 36.9 calories, in forming 
stannic oxide, 72.7 ; the latter is the body universally formed. Hy- 
drogen sets free, in forming water, 34.5 calories ; but in forming 
hydrogen dioxide, only 23.5 ;^ hence it is the former which hydro- 
gen gives on burning. In confirmation of this statement is the 
fact that the formation of the dioxide is attended with an absorption 
of heat ; and hence that it cannot be produced from water and 
oxj^gen without the intervention of foreign energy. On the other 
hand, the oxides of nitrogen and of chlorine, nitrous chloride, ace- 
tylene, and marsh gas are all formed from their elements with th-e 
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absorption of heat. None of them can be formed by the aid of 
the energy contained in their elements alone ; the assistance of 
foreign energy is required, electrical in the case of acetylene and 
marsh gas for example, and the case of the oxides of chlorine, 
energy derived from the simultaneous formation of a metallic 
chloride which evolves heat. Chemical decompositions also fur- 
nish many striking illustrations of this law. If the formation of a 
body which absorbs heat cannot take place without the aid of for- 
eign energy, so a body formed from its elements with the evolution 
of heat cannot decompose without the aid of foreign energy ; either 
that of heat, light, electricity, chemism, or of physical disaggre- 
gation. If the compound has been formed with absorption of heat, 
however, it is either spontaneously decomposable — like the chlo- 
rine oxides and nitrogen chloride — or it is readily susceptible of 
undergoing changes attended with the evolution of heat — as ace- 
tylene, cyanogen and nitrogen dioxide. In relation to the question 
of substitution, the law says if a body A, in uniting with a metal 
produces more heat than another B, then A will displace B.. Be- 
cause chlorine, in uniting with the metals, sets free more heat than 
bromine or iodine, it displaces these bodies from their metallic 
combinations. Whenever a metal displaces another from a com- 
pound it is because the production of the new salt corresponds to 
an increased evolution of heat. The phenomena of double decom- 
position give rise to some curious applications of the law. Dry 
hydrochloric acid gas acting on dry mercuric cyanide decomposes 
it at once since it evolves 5*3 calories. But in solution, hydrocy- 
anic acid decomposes at once mercuric chloride, since in this re- 
action 15.5 calories are set free. So silver chloride and hydriodic 
acid give silver iodide and hydrochloric acid, a total decomposition, 
whether gaseous or in solution ; while silver iodide and chlorine 
give at once silver chloride and iodine, an apparent reversal of at- 
traction. But* on the one hand, chlorine evolves fifteen calories 
more than iodine in uniting with silver ; and on the other hydriodic 
acid evolves 31*8 calories liquid, and 51 '3 gaseous in acting on 
silver oxide, hydrochloric acid evolving only 20*6 and thirty-eight 
calories respectively. We must not, however, extend this portion 
of our subject to any greater length. Enough has been said to 
show the controlling agency of thermo-chemical considerations in 
any theory we may form of chemism. 
It must be confessed, however, that notwithstanding all the 
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assistance which physics has rendered chemistry, in helping it 
to a rational conception of its fundamental attraction, the real un- 
derlying essence of this attraction remains as completely hidden 
as before. Bat this fact should by no means be considered a dis- 
couraging one when we remember that we know absolutely nothing 
of the cause of any other form of attraction, nor even whether the 
force resides in the attracting body itself or is caused by outside 
agencies, as is now more than suspected. Indeed, the cause 
of the attraction of gravitation is itself unknown. But two modes 
of accounting for it, consistent with present ideas, are suggested ; 
the one that it is due to differences of pressure in a substance 
continuously filling all space, the other that it is due to the impact 
of particles. The latter hypothesis suggested long ago by LeSage 
of Geneva, has received a large share of attention in recent 
times.^^ It supposes that the particles of matter are subject to 
bombardment by an infinite number of still minuter particles which 
are darting about with inconceivably great velocities. As each 
material particle screens its fellow on one side from this rain of 
particles, the final effect is to force them together. It may be 
easily shown that the result of this action is an apparent attraction 
which follows exactly the law of gravitation ; t. e., varying as the 
inverse square of the distance, and — admitting the free passage 
of most of the particles through the matter — being directly as 
the product of their masses. Chemical and physical attraction 
are bound up in the same category with the attraction of gravita- 
tion ; he who succeeds in explaining the one will have found the 
key of the whole.* 

Finally, we have to ask what is this atom about Which we have 
said so much ? Has science any conception of such a thing ? This 
brings us to the most important atomic theory of the day, the 
theory of vortex-atoms of Helmholtz, as worked out by Thomson.^** 
In his investigations upon the laws of fluid motion,^ Helmholtz^^ 
examined exhaustively the equations of motion of an incompr^ 
Jltfisible frictionless fluid admitting that this motion could be rota- 
tional. He proved that any portions of such a fluid which possess 
rotation must possess it forever, and are thus isolated particles ; 

* ** If sQCh heterogeneity [that of matter] were only pronounced enough, it appears 
that the law of gravitation would be capable of accounting for at least the greater 
number of effects at present attributed to the so-called molecular forces and the force 
of chemical affinity.'' Stewart and Tait, loc. oit.. 85, 
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and that these portions must be arranged in filaments whose direo- 
tion at each point is the axis of rotatipn, these filaments being 
endless, or terminating in the fvee sarface of the fluid. Accepting 
these results, Thomson conceived the hypothesis that what we call 
matter may consist of the rotating portions of a perfect fluid 
which continuously fills space. If any portions of such a fluid 
have this vortex-motion communicated to them, they will retain it 
forever, thus constituting what Thomson calls a vortex-atom. 
Moreover, since the only necessary condition of the existence of 
a vortex-atom is that the filament should rotate on its axis and 
should be endless, it is plain that there may be various kinds of 
such atoms, according to the shapes of the vortices.^^ The sim- 
plest form is a plain ring, like a smoke-ring. But the filament 
may undergo any number of knottings and twistings, and yet 
comply with the definition. As nothing short of creative power 
could annihilate such an atom, so nothing short of this could 
launch it into existence. Moreover, such an atom would have 
actually the properties of the metaphysical atom ; it cannot be 
cut, from its very nature. This marvellous hypothesis is as yet, 
of course, only a matter of speculation. Much more work must 
be done upon it before it can even be accepted as probable. But 
it is not too much to say of it now that it explains most satisfac- 
torily many vexed problems in molecular and atomic science. 

It only remains for me now, after this lengthy discussion, to 
ask what are the bearings of the facts and of the generalizations 
from them, which have now been stated, upon chemical science? 
What is the conception which we should now hold of the atom, 
and of the various changes in which it may perform a part? In 
the first place, it seems to be clear that in th^ opinion of modem 
science, the atom has a real existence ; that there is a fixed portion 
of matter, definite for each element, which is the smallest quantity 
of it capable of taking part in a chemical change. If this be true, 
then the restiv^ess shown in certain directions in using the word 
atom, and the attempts made to substitute some other idea for it, 
are entirely needless. 

In the second place, it is evident that our equations represent- 
ing chemical changes need to be made more significant, by includ- 
ing in them the changes of energy involved.^^ The equations of 
Stahl, of phlogistic memory, did this. Thus the (metallic calx-|- 
phlogiston) =metallic calx-f-heat. This Lavoisier translated thus : 
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metal -f- (oxygen -}- heat) = metallic oxide + free heat. To-day we 
should say: (metal -|-m units of energy) -[-(oxygen 4-^ units of 
energy) = (metallic oxide -|-p units of energy) -|- (exterior energy 
represented by m-j-w — p units). The power of prediction in 
chemistry, the power which characterizes an exact science, appears 
to lie in a clear €om prehension of the transformations of energy 
which take place during chemical action. 

Again, the real existence of atoms occupying space, forbids the 
assumption too often based upon our present system of graphic 
formulas — but unfairly as it seems to me — that the atoms in a 
molecule all lie in one plane ; and thus gives rise to a chemistry 
of three dimensions. This idea was distinctly expressed by 
Kekul6 in 1866, in his Lehrbuch^* where he gives perspective views 
of the constitution of the benzene atom. And in Clarke's paper, 
already referred to, the conditions under which solid molecules 
are possible, are satisfactorily discussed. I by no means wish to 
imply that graphic formulas are useless. I would ha^e the idea 
clearly held that they only express the mode in which the atoms 
are combined with each other, considered statically, and not the 
manner of their arrangement in space. 

Lastly, the fact is clearly before us that the atoms are not at 
rest within the molecule, and therefore that they cannot occupy 
positions fixed in space. We have seen that it is the belief of 
eminent authority that they even exchange molecules in their rapid 
motion ; moreover, this conception of atomic motion is strength- 
ened by the fact observed by Hofmann,^^ that one isomeric form 
of an aromatic monamine may be converted into another by what 
he calls a wandering of the atoms within the molecule. Indeed 
so obvious is this atomic motion, and so necessary is it to take 
account of it in chemical theory, that Kekule has founded upon it 
his explanation of equivalence.^ According to him, the equiva- 
lence of any atom is the relative member of impacts which it re- 
ceives from other atoms in a unit of time. The view of Michaelis 
is analogous to this.^'^ He supposes that during the vibration of 
the atom, it attains certain positions at each of which it is capable 
of exercising chemical action upon other atoms. The number of 
such positions constitutes the equivalence of the atom. . If we 
suppose the total force unequally distributed, the atom will exert 
different amounts in its different positions; thus accounting for. 
variable equivalence. And if the total force ^ ^ '^ ratio to 
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the number of positions, the fact is accounted for that there is no 
necessary delation between chemism and equivalence. 

The task which I have allotted to myself is now accomplished. 
I have attempted to set before you, as clearly as I was able, the 
conception which the science of to-day holds concerning th^ mole- 
cule and the atom. If I have contributed, in doing this, to make 
more precise the ideas which are commonly held upon this subject, 
I shall feel that an essential service has been rendered to a science 
which more than any other, calls to its aid creative energy, and 
produces continually new forms of matter to astonish and delight 
mankind. 



APPENDIX. 

NOTES AND REFERBNGBS. 

1 Jonr. Chem. Soc, xzt, 041, Nov., 1872. 

> B. Stewart & P. O, Taitt The Uneeen UDiverse, page 96, 1876. 

* Journal d'e Physique, Delamethrie, Ixxiii, 38, July, 1811; ulmp^re, Ann. Chim.Phys., 

xl, 43. 
« BoUzmann, Ber. Ak. Wien, II, Ixiii, 397-418. 
■NewExperiments, physico-mechanical, etc. Second edition. Oxford, 1662. SeealBO 

Tait's Thermodynamics, Preface, p. iv, 1868. 
•Quoted by Oay LuMoCf Ann. Chim. Phys., xlili, 167. 
T ThomMoiit Nature, i, 651, 1870; MaxwtUj Phil. Mag., IV, xlyi, 463, 1873. 
" Elements of Natural Philosophy, 237, 1873. 

* Memoire sur la dispersion de la lumi^re, Prag, 1836; Nature, i, 061, 1870. 
^^ Tait^ Recent Advances in Physical Science, 306, 1876. 

"Nature, i, 561, 1870; TatY, loc. cit., 306-311. 

" Phil. Mag. IV, xTii, 61, 1869. Also Nature, i, 652, and TaU, Becent Adyances, 312-315. 

»»Nature,i, 652, 1870. 

" Phil. Mag. IV, xlvi, 468, 1873. 

uBer. Ak. Wien, II, Ui, 396-413; Ixi, 867-380, 396, 1870; Zeitschr. Math., 1866, 511-^12. 

^•Fogg. Ann., No. 10, 1868; Phil. Mag., IV, xyii, 81, 1869. See also SUmey, Phil. Mag., 

IV, xxxvl, 132-141, 1868. 
"M^moires d'ArcueU, ii, 207, 1809; Nouv. BuU. de la Soc. Philom, 1, 298; GUb. Ann., 

xxxvi, 6. 
w Phil. Mag., IV, xlvi, 468, 1878. 
>• Contributions to Molecular Physics, 69-144, 1873. 

s«Pedler, J. Chbm. Soc., II, vi, 74; Watts Dictionary, 1st Supplement, page 106-107. 
*iBer. Berl. Chem. Ges., ix, 760, 1876;. Am. J. Sci., Ill, xii, 214. 
»Ueber Molekulverbindungen nach festen VerhiUtnissen, 1872, 63; Gmelin-Eraut's 

Handbuch der Chemie, 6 Aufl., I, i, 293. 



108 ADDBES8 OF OBOBOlfl F. BABKER. 

M Fhilosophioal Tnmsactions, Izzxviii, 80, 1798. 

•^Krdnig, Fogg., Ann., xcix,81ff ; MaxweU, Phil. Mag., IV, xiz, 19, zx, 21, 1800, CUnuiuM, 

Pogg. Ann., c, 8S3, 1867; Phil. Mag., lY, xir, 106. 
vNew experiments, physico-mechanical, etc., 8 ed., Oxfbrd, 1602. 
••Ann. Chlm. Phys., xliii, 1S7. 

»Mem. Lit. A Phil. Soo., Mancheater, Nor., 1851; Phil. Mag., lY, xir, 811, 1857. 
tt PhU. Mag., IT, xlTi, 408, 1S73. 
**Sinleitnng in die modeme Chemie, 5th ed., 838. 
••PhU. Mag. lY, xlvi, 463, 1873. 
•» PhU. Mag., IV, xiv, 211, 1857. 
•• MaxweU, Theory of Heat, 806, 1871 ; Tait, Becent adTances, 845, et seq ; Eoppe^Seyler^ 

Pogg. Ann., oxiTii, 101. 
•>Proc. Boy. Soo., xvii, 888; PUiaker A SUtorf, PhiL Trans., 1805, 1; TFiUZner, Pogg. 

Ann., cxlTii, 821. 
•* PhU. Mag., IV, XT, 101 ; xxiU, 417, 512 ; WUUamion, PhU. Mag., IV, 1850, 850. 
••Pogg. Ann., ci, 838, 1857; Phil. Mag., IV, xt, 94. 
••Die Lehre vom Galvanismns und Electromagnetismns, 2te Aofl., 1, 088, 1872; Pogg. 

Ann., Ixxxvii, 821. 
•V Lehrbnch der Chemie, 5te Aufl., i, 105, 1843. 
•• Ann. Chem. Pharm., cvi, ISO; Jahresb., xi, 221, 1858. 
•• Proc. Am. Assoc., xxiy, 99, 1875. 
••Essai de Statiqne Chimiqne. 2 vols. Paris, 1803. 
41 Lemons snr la PhUosophie Chimiqne. Paris, 1880. 
«• Bertheloty Ann. Chhn. Phys., V, Iv, 206, 1875. 
•sPhU. Trans., 1850, 61; Q, J. Chem. Soc., Ui, 316. 

« Mechanical Theory of Electrolysis, PhU. Mag., Deo., 1851. Beport on Elec. Stand- 
ards, Proc. Brit. Assoc., 1863, Art. 54. 
^•Exp. Bes. in Elec, Se^. tU, par. 824, 846, Jan., 1834. 

•• Favre A SUbermann in Comptes Bendns. Berthelot, in Ann. Ghim. Phys. Ser. IV. 
•T Thom$en, in Pogg. Ann., J. pr. Ch., and Ber. BerL, Chem. Gres. 
••Ann. Chim. Phys., Y, iy, 5, 6, Jan., 1875. 
••Denx Trait^s de Physique mecanique, pubU^s par Pierre Preyost. Gen^ye el 

Paris, 1818. 
•• Trans. Boy. Soc. Ed., xxy, 217, 1868. 
■^Ueber Integrale der hydrodynamischen Gleichnngen welche dem Wirbelbewegangen 

entsprechen, CreUe Ann., 1858; PhU. Mag., 1867, 1. 
•• IWtt Becent Adyances, 294. Since the number of possible forms is almost infinite, 

the explanation of the existence of only 63 elements is diffloult. 
•• Wurtz's Dictionnaire de Chimie, 1, 1,824, Art. **.Chalenr.'' 
•• Lehrbnch der Organischen Chemie, II, 515, 1866. 
•• Ber. Berl. Chem. Ges., yU, 526, 1874. 
•• Ann. Chem* Pharm., dxU, 86. 
•7 Ber. Berl. Chem. Ges., y, 48, 463, 1872. 



CHEMISTRY OF HTDR06EN ; BT ALBERT R. LEEDS. 109 

Contributions to the Chemistry op Hvdrooen. By Albert R. 
Leeds, of Hoboken, N. J. 

1. On the Pfeparaiion of Phospkoretted Hydrogen : — While en- 
gaged upon the preparation of Phosphoretted Hydrogen, by the 
ordinary reaction of a solution of caustic potassa upon phospho- 
rus, the difficulty experienced in first filling a plain retort with the 
solution, and the inconvenience and possible danger resulting, on 
interrupting the operation, by the reflux of liquid into the retort, 
led to the following modification of the process. This consisted 
in the substitution of a tabulated retort, connecting with a hydro- 
gen generator, by an india-rubber tube which was opened and closed 
by means of a nip-cock. By first filling the retort with hydro- 
gen, before beginning the operation, and opening the connection 
with the generator on interrupting it, any difficulty was obviated. 
Illuminating gas may be used still more conveniently. This de- 
vice, I afterwards foand had been employed by others. 

2. Reaction of Ammonic Hydrate on Phosphorus : — When 
concentrated ammonia is substituted for solution of caustic po- 
tassa,;the excess of ammonia gas driven over, is absorbed by the 
water of the wash-bottle or pneumatic trough, and the residual 
bubbles of non-condensible gas are quite small. They consist of 
a mixture of hydrogen and phosphoretted hydrogen, the latter 
being in sufficient quantity to render them spontaneously inflam- 
mable. The phosphorous remaining in the retort consists of the 
white and red modification, and the same remark applies to that 
which distils over in the current of steam and escaping gas. 

3. Circumstances affecting the JSpontaneons Inflammability of 
Phosphoretted Hydrogen : — On adding fatty matters to the contents 
of the pneumatic trough, even a thin film upon the surface, the spon*- 
taneous inflammability of the phosphoretted hydrogen is destroyed. 
On addition of excess of caustic potassa it is restored, bat not by 
solution of ammonia. 

4. Formation of Phosphoretted Hydrogen by Nascent Hydrogen : 
— When zinc, in filings or thin sheets, is heated with a solution 
of caustic potassa, the latter is decomposed with the formation of 
a Zincate of Potassa which remains in solution, and the liberation 
of h3rdrogen. If phosphorus be added to this solution, a mixture 
of hydrogen and phosphoretted hydrogen is evolved, the latter 
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being attributable in part to the combination of the phosphorus 
with the nascent hydrogen. 

5. Color of the Phosphoretted Hydrogen flame in Air and pure 
Oxgyen, — When the bubbles of phosphoretted hydrogen prepared 
in the ordinary manner, are allowed to escape into an inverted re- 
ceiver filled with air, they soon cease to ignite spontaneously, and 
long before the oxygen in the air has been exhausted. But after 
the ignition has ceased to be visible in diffused daylight, it is vis- 
ible in a darkened room, and is attended with the production of a 
greenish light. But when the air in the receiver is replaced by an 
atmosphere of pure oxygen, the ignition is so intense that the 
flashes become painful from their brilliancj'. They are also much 
less diffused than when ignition takes place in air, and were it not 
that the ignition takes place with almost explosive violence, the 
experiment would be a very attractive one. The color of the flame 
in this case is perfectly white, in the former greenish ; a difference 
due to the presence of nitrogen. 

6. Properties of Hydrogen evolved from Alkaline SoliUion : — In 
order that no traces of fatty matters might be present, sheet zinc 
was repeatedly digested with solution of caustic potassa and after- 
wards washed with distilled water. All india-rubber connections 
were done away with, to exclude possible contamination of the 
gas by sulphur compounds, and the zinc prepared as above was 
heated with solution of caustic potassa. When the hydrogen thus 
prepared was collected over water, and ignited in a darkened room, 
it burnt with a blue flame where the flame was in contact with air, 
and with a greenish flame beneath the blue. On repeating the ex- 
periment, the flame appeared altogether blue. This blue color was 
of a much deeper tint than is noticeable in the flame of hydrogen, 
when care has been taken to exclude contamination by sodium salts. 
It is probable that some of the hydrogen may unite with zinc to 
form a small portion of Zinciuretted Hydrogen, but as yet this has 
not been demonstrated. 

The literature of Zinciuretted Hydrogen in fact, is eminently 
unsatisfactory, and even the existence of this gas has not been 
satisfactorily established. According to Gmelin, the manner in 
which it was first prepared by Yanquelin was, by heating four parts 
of roasted Zinc Sulphide with one part of powdered coal, a method 
assuredly not calculated to give any one gaseous product in a pure 
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condition. The gas so produced, according to the same authority, 
is lighter than air and heavier than hydrogen, with an unpleasant 
smell. It is ignited by a burning body in contact with air, with a 
bluish and yellow- white flame, forming a white cloud of Zinc Oxide 
and depositing also some metallic zinc. When mixed with chlo- 
rine, it explodes by contact with flame, forming H3^drochloric Acid 
and Zinc Chloride. It is not decomposed by Hydrochloric Acid, 
and is not absorbed by water. According to Ruhland, a constant 
stream of Zinciuretted Hydrogen may be obtained by electrolysis 
with a pole of Zinc Amalgam (Schw. 15, 148) while the results 
obtained by Cameron la experiments in which he caused dilute acids 
to react upon zinc, and Hydrosulphuric Acid upon Zinc Amalgam, 
led him to conclude that Zinciuretted Hydrogen does not exist 
(Jahresbericht, 1860, 181). 

With regard to what has been done hitherto, it should be re- 
marked that the existence of a Hydride of Zinc, is antecedently 
highly probable from considerations founded on the chemistry of 
the other metals. And, moreover, the researches above detailed, 
are not sufficiently exhaustive to establish a final conclusion in the 
negative. 

As the amount of gas evolved in this manner is small, the well- 
known device of adding a more electro-negative metal like Iron 
or Platinum to the contents of the retort was made use of, but 
the gain though decided was not sufficient to secure a plentiful 
supply. The dissolved zinc all went into solution as Zincate of 
Potash, no insoluble residue remaining in the retort. This was the 
case, whether concentrated or dilute solution of caustic potassa 
was employed, and even when the solution was evaporated to 
dryness, and afterwards taken up with water. It is probable that 
if the solution of zinc in potash had been boiled for some time, 
and more especially if the solution had been considerably diluted 
with water, that the zinc oxide would have been precipitated. In 
the first experiments, where sheet-zinc alone wxis dissolved in caus- 
tic potassa, a large amount of insoluble white powder was formed. 
This precipitate was like sand, and after boiling with distilled water 
three times, decanting, washing, and drying, it was found to contain 
not a trace of potassa. To determine whether it was composed 
entirely of anhydrous zinc oxide, an analysis was made on the 
precipitate very carefully dried, with the result of showing that it 
was not homogeneous, but was a mixture of Anhydrous Oxide 
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with Zinc Hydrate in the proportion of 98*94 parts of the former 
and 6*06 parts of the latter. Other insoluble precipitates obtained 
in like manner differed somewhat in their properties, filtering with 
great difficulty and settling slowly, a difference probably due to 
their having been boiled for a shorter time and containing a larger 
proportion of Zinc Hydrate. 

An attempt was made to examine the spectroscopic reactions 
of the gas obtained from zinc and caustic potassa, by collecting it 
in a glass vessel provided with a platinum exit-tube and jet. No 
india-rubber connections were used. After standing for twelve 
hours over water, it was allowed to flow in a slow stream through 
a narrow slit and ignited. The flame was almost invisible, a very 
faint bluish tinge only being apparent, and it is hardly necessary to 
say that by this method of examination, no spectroscopic reaction 
could be obtained. From the fact that the coloration of the gas, 
when burnt immediately after collection, was so much more in- 
tensely blue than that of the gas which had been standing over 
water and purified by repeated washing, it appears that the con- 
stituent, which contributed the blue color to the fiame, is largely 
soluble in water. 

It is noteworthy in this connection, that while the older chem- 
ical books attribute to the hydrogen fiame a yellowish coloration, 
those published since fiame-reactions have been so extensively 
studied, describe it as faintly luminous and bluish. In reference 
to this point the following experiments were made. First, hydro- 
gen was prepared by the reaction of pure sulphuric acid upon zinc, 
and purified by washing successively with distilled water, solution 
of argentic nitrate, concentrated sulphuric acid, dilute nitric acid, 
potassic permanganate, solution of chemicall}* pure caustic potassa, 
fused caustic potassa purified from alcoholic solution, and ami- 
anthus saturated with nitrate of silver. It was collected over 
mercury and ignited at the terminal slit of a platinum tube. The 
flame was slightly blue and faintly luminous. 

Secondly, hydrogen prepared in a eudiometer chemically clean, 
by the electrolysis of distilled water acidulated with pure sulphuric 
acid, was burnt at the terminal slit of a chemically clean platinum 
tube, with the same results. 

There are several sources of error in these experiments, however, 
which should be obviated before a satisfactory conclusion can be 
arrived at. In the first place, it has not been demonstrated that 
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even after taking these precautions, tlie hydrogen is absolutely 
pure. Moreover when the combustion takes place in air the flame 
is in contact with the innumerable particles of solid matter and 
motes diffused throughout the atmosphere, and finally, the com- 
bustion takes place under an atmospheric pressure. The latter 
circumstance would tend to exalt the luminosity. It will be 
necessary in order to settle these points, to burn a mixed jet of 
hydrogen and oxygen both chemically pure, expanding in equiv- 
alent proportions, under a minimum of pressure, into a vacuum. 
7. Upon the Purification of Hydrogen: — In an examination 
into the purity of the hydrogen as ordinarily prepared for labora- 
tory use, some facts were determined which have an important 
bearing upon this, and connected subjects. The zinc employed 
was the spelter manufactured by the Passaic Zinc Works at Jersey 
City. Its composition, according to a communication made me by 
Dr. Gideon E. Moore, the chemist of the Passaic Zinc Cb., is 

Zinc 99-953 per cent. 

Lead 0-027 " " 

Iron 0020 " " 

The spelter was cast into bars of three-quarters of an inch 
square section, and these cut by a chisel into blocks of the same 
length. This crystalline spelter is so tough, that it is otherwise 
very difficult to obtain blocks of a convenient size to introduce 
into a Kipps Generator, and if granulated zinc is employed, a less 
regular and economical evolution is obtained. Dilute sulphuric 
acid, which had been carefully lestecj and found to be free from 
impurities, was used. The gas was washed and then passed 
through a glass tube of four m-m bore, aud ten decimeters long, 
which was bent to and fro upon itself, and heated in such a manner 
as to expose fifteen centimeters square of red-hot interior surface. 
After a slow passage of the gas for twelve hours, not the faintest 
blackening was visible, on the inside of the tube, beyond the 
heated portion. 

Moreover, separate portions of this zinc had been repeatedly 
used in the ordinary laboratory practice for four years, in testing 
for arsenic, not of course in cases of suspected poisoning, and no 
trace had been found. Moreover, the New Jersey Calamine, 
Willemite, and their accompanying minerals, from which this 
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spelter is smelted, do not, so far as I am aware, contain arsenic, 
so that except accidentally, this American zinc should not be con- 
taminated with it. Finally, a U-tube filled with pumice stone sat- 
urated with argentic nitrate, and which had been employed for two 
years, in the purification of all the hydrogen employed in the 
laboratory for reductions, and for similar purposes, was tested for 
arsenic with a negative result. Hydrogen therefore, made from 
Passaic zinc, is not contaminated by arseniuretted hydrogen. 

In the same piece of apparatus just described, the wash-water 
gaA'e an abundant reaction for zinc, the Oil of Vitriol also, after 
dilution, to precipitate out a small percentage of Plumbic Sulphate, 
and removal of a trace of Iron, gave on the addition of Ammonic 
Chloride, and colorless Ammonic Sulphide, an abundant white 
cloud due to the formation of Sulphide of Zinc. 

These results had been anticipated from the results which had 
been obtained by the reaction of zinc in alkaline solution, and the 
probability of the formation of a Hydride of Zinc, when hydrogen 
in the nascent condition, was liberated in dilute acid solutions. 
The following experiments were instituted, in order to detect with 
still greater precision, the presence of a trace of Zinciuretted 
Hydrogen. The contents of the wash bottles and U-tube were 
replaced by fresh portions., and a Geissler Absorption apparatus 
attached. Some Hydrochloric Acid was diluted with ten parts of 
water, and divided into two equal portions. One was employed 
to fill the Geissler apparatus and the other poured into a tall 
narrow beaker. Hydrogen was allowed to fiow through the appa- 
ratus, bubble by bubble, for fifteen hours. The contents of the 
Geissler apparatus were then emptied into a beaker similar to the 
first. Both liquids were rendered alkaline by ammonia, and when 
they were at rest, freshly prepared colorless Ammonic Sulphide 
was poured down the sides of the beakers, and allowed to fiow 
over their surfaces. A white cloud was formed along the boundary 
in the beaker containing the contents of the Geissler apparatus, 
while the other remained perfectly limpid. A mixture of Nitric 
Acid one part, and water five parts, was divided into two portions 
and treated in like manner, with identical results. There was the 
possibility of the presence of silicic acid and alumina in the rea- 
gents employed, due to the solution of these bodies from the walls 
of the glass vessels, but in this case the reaction attributed to the 
presence of zinc would have been equally manifest in the compan- 
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ion experiments. This was not the case. The Zinciuretted 
Hydrogen is decomposed by the acids with the formation of Zinc 
Chloride and Nitrate, the presence of which is revealed by the 
formation of white Sulphide of Zinc. 

8. Upon the Occlusion of Hydrogen by Zinc: — A decomposing 
cell was formed by plunging a strip of sheet zinc six inches in 
breadth and coiled in a spiral, into a pint jar. A strip of platinum 
foil of similar dimensions was introduced as a cathode, and the jar 
filled with a saturated solution of caustic potassa. The terminals 
of a battery of six cups were passed through a cork closing the 
jar, and also an exit tube for collecting the escaping gas. An 
abundant bluish gray metallic mass was speedily thrown down 
upon the platinum. It was beautifully crystallized in leaf-like 
masses, presenting a delicate fern-like appearance. It did not 
dissolve perfectly in hydrochloric acid, a white precipitate of 
plumbic chloride being left behind. 

To avoid this and other possible impurities, a second strip of 
platinum was substituted for the zinc anode, and the decomposing 
cell was filled with a solution of caustic potassa in which pure zinc 
oxide had been dissolved to the point of saturation. The precii> 
itated zinc was washed rapidly with cold water until all alkaline 
reaction had disappeared, then with absolute alcohol and ether, 
and dried as completely as possible by a Bunsen filter-pump. It 
was heated for seven hours at 120° c, at the expiration of which 
period, it was assumed that every trace of moisture had been 
dissipated. This was not the case, for on heating a portion of the 
material in a matrass to low redness, very faint traces of moisture 
were condensed in the cooler part of the tube. 

To determine whether the precipitated metal contained hydrogen, 
the following method of analysis was resorted to. If a combus- 
tion is effected in dry oxygen, its contents of water should be given 
off and also its hydrogen, in the form- of water. If another portion 
is ignited in a current of dry hydrogen, its contents of water should 
be given off, and also its hydrogen, but not in the form of water. 
The difference, therefore, between these two results should give by 
calculation the percentage of hydrogen present. The first analysis 
was as follows : — 0'8620 grms. submitted to combustion in oxygen 
yielded 00252 grm. water, or 2-92 per cent. 

1'0257 grms. ignited in hydrogen, yielded 0*0252 grm. water or 
2'45 per cent. The difference is 0-47 per cent, of water, which is 
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equivalent to 0-052 per cent. Hydrogen. The Hydrogen was re- 
placed in the tubes, by careful aspiration with dry air, until the 
absorption apparatus had ceased to change weight. The temper- 
ature of ignition was at first low, but at the end of the operation 
was brought to a red heat. No traces of moisture were visible 
on the sides of the absorption tube. 

Second analysis : — The material had been prepared in a similar 
manner as the first, but dried at 120°C for sixteen hours. 1*0652 
grms. submitted to combustion in oxygen yielded 0-0335 grm. 
water, or 3*15 per cent. 

1-4586 grms. ignited in hydrogen, yielded 0*0320 grm. water, 
or 2*19 per cent. The difference is 0-96 per cent, of water, which 
is equivalent to 0*11 per cent, of Hydrogen. It is evident on in- 
spection of these analyses that they are not altogether conclusive. 
It was anticipated that no water would be given off on ignition of 
the material, if absolutely diy, when ignited in hydrogen. Yet 
one analysis gave 2*45 per cent., and the other 2*19 per cent. In 
defense of them it may be urged that the material was dried for 
an unusual number of hours at a temperature considerably above 
the boiling point of water, and that every care was taken to dry 
the oxygen, hydrogen, materials and tubes employed. In fact, 
the gases had been passed through the combustion and ignition 
tubes, just prior to each analysis, which was undertaken only when 
it was found that the absorption bulbs employed did not change 
weight. 

The fact remains however, that according to the first analysis 
*052, and according to the second 0-11 per cent, of Hydrogen, 
were occluded or combined with the zinc. This result will have 
to be verified by repeated trials before it can be fully received. 
It was arrived at in the month of June, just prior to the summer 
vacation, and further experiments were necessarily postponed until 
resumption of college work in the fall. 
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Upon the Reduction op Silver at ordinary temperatures in 

THE PRESENCE OP FrEE NiTRIC AcID. By ALBERT R. LeEDS, 

of Hoboken, N. J. 

In a prior communication entitled ** Contributions to the Chem- 
istry of Hydrogen," I have alluded to some unexpected results, 
obtained in an inquiry into the purity of Hydrogen, generated by 
the action of dilute chemically pure sulphuric acid, upon the 
spelter manufactured by the Passaic Zinc Co. It was shown that 
the evolved gas contained a trace of Zinciuretted Hj'^drogen, which 
could be detected in the water, oil of vitriol, dilute hydrochloric, 
and nitric acids employed in washing it. An examination of the 
Argentic Nitrate U-tube, made use of as a purifier, showed no trace 
of Arsenide of Silver, but the fact of some change was evident 
from the film upon the sides of the tube, the pumice in places, and 
a deposit in the excess of liquid collected at the bottom of the' 
tube. This film and deposit proved to be metallic silver. More- 
over, on the pumice at the surface of the Argentic Nitrate nearest 
the generator, some crystals had formed which were 1^°"° in 
height and 1"°* in breadth. They were of a delicate lemon- 
yellow color, with acute octahedral terminations and rhombic base 
— apparently rhombic octahedra. They were insoluble in 1,000 
parts of water, but dissolved in dilute nitric acid on heating. The 
solution yielded no trace of chlorine, but only silver. By hydro- 
gen at red heat, they were reduced to metallic silver, with the 
form of the original crystals. They were crystallized Argentic 
Nitrite. 

Here we were presented with two unexpected cases of Reduc- 
tion — 1st, of silver from a solution of the nitrate in the form of 
metal; 2nd, of the nitrate itself — to the nitrite — and both at 
ordinary temperatures. At that time I did not know that the fact 
of the reduction of silver, from its neutral solution in nitric acid, 
had been noted, but was looking for the effects which would pre- 
sumably take place if the hydrogen was at all zinciuretted. And 
while considering whether it was necessary, in case of zinc like 
this, which yielded so small an amount of carbonaceous matter on 
solution, to examine into the possible contamination of the gas 
by Hydrocarbons, I found a note on The Purification of Hydro- 
gen Gas, by Ch. Violette (Compt. Rend. Ixxvii, 940, 942), decisive 
of the question. According to this author, it is generally stated 
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that the hydrogen obtained by the action of sulphuric acid npon. 
commercial zinc contains carbon hydrides, and that the latter are 
not removed by the ordinary process of pnrification. To test the 
accuracy of this statement, M. Violette conducted the hydrogen 
purified by passing through plumbic nitrate, argentic sulphate (?), 
caustic potassa, and oil of vitriol, over red hot cupric oxide. The 
irater formed, amounting at least to thirty-five grms., was collected 
in a U-tube, and the gaseous products passed through baryta 
water. The former gave no acid reaction, and the latter no 
opacity from the presence of carbonic anhydride. It was con- 
cluded, therefore, that hydrogen prepared in the ordinary manner, 
after .proper purification, was free from any hydrides of carbon. 

In all questions concerning the luminosity of the flame, the 
contamination of the hydrogen by hydrocarbons is of the highest 
importance, and the fact that the flame of pure hydrogen was found 
to be almost colorless and non-luminous, while that which was 
supposed to contain zinciuretted hydrogen was strongly blue, is an 
argument for the existence of the latter hydrogen compound. But 
so far as the fact of the reduction of a metal in solution by hy- 
drogen at ordinary temperatures is concerned, the presence of 
zinciuretted hydrogen is of far greater importance than that of 
carburetted hydrogen. When the greater fact, that hydrogen alone 
is capable of efifecting such a reduction, is settled, it will be easy 
enough to determine whether a similar reduction is effected by 
gaseous hydrides of carbon. 

In the first train of purifiers which was fitted up to test this 
question, water, argentic nitrate, oil of vitriol, dilute nitric acid, 
permanganate of potassa in solution of potassa, caustic potassa 
from alcohol, and argentic nitrate were employed. The arrange- 
ment was partly due to convenience, some portions of the appar- 
atus being already in readiness. A remarkable reduction ensued 
in the case of the potassic permanganate. A saturated solution of 
caustic potassa (from alcohol) was saturated with potassic perman- 
ganate and allowed to stand for two days, at the expiration of which 
period no change of its purple color had occurred. But when the 
gas was passed through it, it became dark green from the formation 
of manganate of potash. This could not have resulted from any 
of the dilute nitric acid having been carried over into the perman- 
ganate, because dilute nitric acid does not decompose the perman- 
ganate even when neutral, much less when in strongly alkaline 
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solution. It is reduced, however, by nitrous acid, becoming suc- 
cessively dark purple, bluish-purple, bluish-green, and finally dark 
green from the production of potassic manganate, while at the 
same time a reddish-brown precipitate is formed, apparently of 
hydrated sesquioxide of manganese. The further study of this 
reduction was postponed, as well as the consideration of the 
reducing action of zinciuretted hydrogen, on account of encounter- 
ing, at this point of the investigation, such remarkable quantitative 
results connected with the reduction of silver from its solutions 
by means of hydrogen, as to make them relatively of much less 
interest. After making some progress in these determinations I 
encountered a very valuable research by Dr. J. W. Russell (Ch. 
Soc. Jour. [2] 12, 3), upon the same subject. As the method of 
experimentation, however, was somewhat diflferent, and the re- 
sults are not quite parallel, I shall quote as much of my own work 
as appears to have an independent value. And the more so, 
because for very unsatisfactory reasons and upon most incon- 
clusive experimental data, M. Pellet, in the Compt. Rend. (78, 
1132), has denied the accuracy of Dr. Russell's labors. 

The gas evolved from the generator was passed through an acid 

« 

solution of ferrous sulphate, sulphuric acid, over potassic hydrate 
(from alcohol), and over twenty feet of pumice and amianthus 
contained in suitable vessels and saturated with nitrate of silver. 
If every trace of zinciuretted hydrogen were not absorbed after 
passage through such a train, it would be altogether inadequate 
to explain the surprising results obtained. A quantity of crystal- 
lized Nitrate of Silver was prepared, and was found to manifest 
a distinctly acid reaction toward Alizarin, although it was inert 
toward Litmus. It was brought to incipient fusion, and after cool- 
ing still manifested a very faintly acid reaction toward alizarin. 
Three U-tubes, with the curve of the U blown into a cylindrical 
bulb 1^ c. m. in diam. and 20 c. m. in length, were connected 
with the termination of the purifying apparatus and with one 
another. They were filled with 20 c. c. of a solution containing 
0*32304 grms. argentic nitrate per c. c, or 6*4608 grms., equivalent 
to 4*104 grms. silver. They were tilted up at such an angle, that 
the gas passed through nearly the same depth of liquid, and was 
in contact with about the same amount of surface in each U-tube. 
(a) Exposed to current for 5^ hrs., (b) for 22 hrs., (c) for 21 
hrs. (1) Precipitate remaining in U-tube and dissolved in nitric 
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acid. (2) Precipitate collected on filter and dissolved in nitric 
acid. Temp, during experiment 24® to 30** C. 

a> = 0-0622 grm. Silver, b* =0-2973 grm. Silver, c' =0-2167 grm. SUver. 
a* = 00232 ** " b» = 00477 " ** c*=0-0639 " " 



a =0.0764 " ** b =0-8460 " •* c =0.2806 " »* 

It will be noticed, in the first place, that the amount of silver 
floating about in the liquid, or so loosely attached that it could be 
removed by washing and be collected on the filter, was in all cases 
very small, while that which attached itself as a coherent precipi- 
tate was large, amounting in (b) to 0*3 grm. In the second, that 
the amounts of silver precipitated are nearly although not exactly 
proportional to the times. Thus the total amount of silver pre- 
cipitated in the three U-tubes being 0.701 grm. silver, the amounts 
proportionate to 5^, 22, and 21 hours would be 0079, 0*318, and 
0*303 grms. ; the amounts actually precipitated were 0*0754, 0*345, 
and 0*2806 grms. It will be noted that the amounts corres- 
ponding to a uniform rate of precipitation are less than those 
actually found for the first two intervals, and greater for the third. 

Two similar U-tubes, d and e, were arranged as above, each 
containing in 20 c. c, 6*4608 grms. Argentic Nitrate, and the gas 
passed for 2f hours. 

d* = '048 grm. Silver. e> = '089 grm. Silver. 

d« = -Oil " " e« = '026 " " 



d = -059 " «« e = -064 " " 

The amount of silver precipitated in similar solutions, exposed 
to the same current of gas, for the same length of time, is not 
precisely identical. This is probably due to the fact, that the 
tubes were not arranged with so much care, that the depths and 
surfaces of the liquids were precisely the same. But it is strik- 
ingly evident that the hydrogen after effecting a large amount of 
reduction in one tube, does not have its reducing power in the 
slightest degree diminished. It reduces as much of the second 
solution as the first, as much of the third as the second, and so on. 
This would not be the case, were the fact of the reduction de- 
pendent upon the presence of some impurity like zinciuretted 
hydrogen. 

What connection exists between the amount of silver preoipi- 
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tated, and the amount of silver nitrate in solution? This has 
already been answered by Dr. Rus'^ell, who found that it was 
directly proportional. He dissolved 30, 10, and 2 grms. of argen- 
tic nitrate, each in 120 c. c. of water, and passed hydrogen 
through the solutions for a fortnight. There was then found to be 
a precipitate which weighed 0*365 (1*22 p. c.) in the 30 grm. so- 
lution, one weighing 0*1229 (1.23 p. c.) in the 10 grm. solution, 
and an amount too small to weigh in the 2 grm. solution. 

To determine what would be the limit of the precipitation, aAd 
whether reduction would take place at the same rate as we ap- 
proached that lictiit, the following determinations were made. 
The filtrates from d and e were exposed to a slow current of hy- 
drogen for 36 hours at a temperature varying from 24® to 28° C, 
and collected as before. They were termed f and g. 

r = 0-3593 grm. Silver. g> = 0-3495 grm. Silver. 

JP = 0-0955 " " g« = 0-0699 " " 



f =0-4648 «« " g =0-4194 " 



«( 



The filtrate from f was further exposed to the current for 18 
hours, and the precipitate was labelled h. It contained 

h' = 0-100 grm. Silver. 
h« = 0-014 " " 



h =0-114 " « 

That from g was exposed in the same manner for 36 hours, form- 
ing precipitate entitled k. 

k* = 0-113 grm. Silver. 
k« = 0041 " " 



k =0-154 ** 



<( 



The series of determinations gives the following rates of pre- 
cipitation : — 

In the first 2| hrs., 0*002 ' grm. of Silver precipitated, or 0-0225 grm. per hour. 

** " following 36 " 0-4372 " "• " *< " 00122 " " ** 

« «« " 18 " 0-lU •* •* " " " 0*0063 " *♦ «* 

" " «« 18 « 0*040 " " " " '•^0-0022 •* " " 

It is evident that herein we have the basis of a mathematical 
discussion of the relative intensities of the force concerned in the 
precipitation of the silver, and of the forces concerned in arrest- 
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ing the same. By laying off on the line of abscissas the times, 
and on the line of ordinates the amounts of precipitate, we shoald 
obtain a carve, whose properties should indicate the relations 
sought for. By constructing this curve for different degrees of 
concentration of the solutions, for different temperatures, pres- 
sures, and volumes of the gas, we should be able to make an ex- 
haustive analysis of those relations, and so mathematically con- 
nect the phenomena observed, as to use this as a method in the 
higher analysis of chemical science. 

No attempt has been made as yet to use the above data in this 
manner. The experiments were preliminary, and the tempera- 
tures, pressures and volumes of gas during each hour, varied in 
the course of every determination. It will be necessary, so to 
arrange the apparatus as to eliminate these accidental variations, 
and then to multiply the number of determinations, especially to- 
ward the beginning of the experiments, as to supply a sufficient 
number of points to locate the curves with the needful accuracy. 
There is no practical difficulty in doing this, after the precipita- 
tion has gone on for an interval sufficient to obtain an amount 
adequate to make an accurate estimation possible, and by repeat- 
ing the series, and interpolating the determinations for different 
intervals, as many points in the curves can be verified as is de- 
sirable. The important results obtained by Dr. Russell in this 
connection will illustrate the action which takes place. He says, 
'^ When a saturated solution is used, hydrogen must be bubbled 
through it for nearly half an hour before precipitation takes place ; 
if the current be continued, a dull grayish substance separates out 
at first, afterwards the precipitate is perfectly crystalline and 
bright, exhibiting a beautiful appearance. If, for instance, 10 
grms. of argentic nitrate were taken, dissolved in about 8 c. c. of 
water, and hydrogen bubbled through the liquid for eighteen hrs., 
only about 0*1308 grm. of silver, would be precipitated. At first 
the amount of silver precipitated is nearly proportional to the 
time to which it has been exposed to the action of the hydrogen, 
but after the first forty-eight hours the amount of silver precipi- 
tated increases at a slower and slower rate, and after a time the 
amount of silver present will often begin to diminish." In this 
experiment, in which 1*25 grms. of argentic nitrate per cubic 
centimeter were used, the precipitate per hour amounted to 0*0073 
grm. silver. This is less than in determinations d, e, f, and g, in 
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which a solution containing '32304 grm. per c. c. was used, and 
when the average rate for the first two and three-fourths hours 
was 0*0225 grm., and for the succeeding thirty-six hours, 0*0122 
grm. silver. This shows that in order to make the experiments 
comparable an identity of the conditions under which they are 
performed, must first be arrived at. 

But with regard to the appearances manifested at the beginning 
of the reaction, those exhibited in the manner of experimentation 
above described, differ strikingly from the phenomena observed 
by Dr. Russell. As soon as the hydrogen had bubbled through 
the solution, for a sufficient length of time to partly change the 
atmosphere above it, an interval of a few minutes only, an ex- 
tremely delicate coloration ensued which deepened to a pronounced 
bluish-purple tint. This presently became turbid and rapidly 
changed to gray, after which precipitation occurred. The appear- 
ance of the silver is very beautiful, especially after the operation 
has continued for some time. So delicate is this coloration, that 
it is worthy of further examination, to determine whether a neutral 
solution of argentic nitric might not, under certain circumstances, 
be employed as a Test for the presence of Hydrogen. 

The precipitation of silver by hydrogen was found to be inde- 
pendent of the action of light. And Dr. Russell, who quantita* 
tively determined the results in the two cases, found that when 
'Hwo similar solutions, both containing 20 grms. of argentic ni- 
trate were acted on by hydrogen, the one in bright light, the other 
in the dark, all other circumstances being made as similar as pos- 
sible ; from the solution in the light, 0*2680 grm. of silver was 
precipitated, and from the one in the dark, 0*2703 grm. 

I cannot further occupy your time with other topics connected 
with this research, as 

The efiect of heat and cold upon the rate of precipitation. 

The effect of pressure upon the rate of precipitation. 

The effect of prolonged exposure to the gas in sealed ves- 
sels, the bye-products and the end-reactions. Nor with the action 
of hydrogen upon solution of silver-nitrate containing an excess 
of oxide of silver, or upon ammoniacal nitrate of silver, nor upon 
other salts of silver and other metals. These I hope to illustrate 
in a future communication. 
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Ok the Relations of Structure, Densitt and Chemical Com- 
position IN Steel. By John W. Langlet, of Ann Arbor, 
Michigan. 

At the present day much attention is being given to the import- 
ance of studying the connection between the Chemical composi- 
tion and physical properties of matter, meaning by physical prop- 
erties such characteristics as crystalline form, color, hardness, 
specific gravity, etc. The following paper is offered as a slight 
contribution to this department of knowledge. 

There are two methods of investigating this subject ; first, to 
take bodies whose chemical nature is intimately known, and to 
commence an examination of their physical character. The sec- 
ond, to take a body long known and studied from the mechanical 
side, and to investigate its chemical composition. The latter is the 
method here followed. 

Steel, from its great industrial importance, is the best known of 
all alloys, and its behavior under mechanical forces has been most 
extensively studied both by individuals and governments ; but 
unfortunately, these elaborate tables of tensile strength, elasticity, 
etc., have not been supplemented by correspondingly thorough 
chemical analyses, because it has only very recently been surmised 
that slight variations in the composition of steel affect its behavior 
more radically than do all the processes of the rolling-mill or the 
machine shop. Within the last eighteen months the United 
States have appointed a commission to study in detail the connec- 
tion between the strength, elasticity, etc., of steel and iron, and 
their chemical composition as shown by analysis. The research, 
which is the basis of this paper, was commenced before the organ- 
ization of the U. S. Commission, but after the general government 
decided to take up this subject and explore it for the benefit of 
engineers, all that part of the original design was, of course, 
abandoned, and our attention has been chiefly directed to a study 
of the chemical and molecular structure of steel ; a field which it 
is probable will not be entered upon by the Government Commis- 
sion. 

In such an undertaking the number of facts to be acquired, and 
of subjects to be pursued in detail is very great. They are thus far 



BT JOHN W. LAN6LET. 125 

in a very incomplete state, and I am, therefore, able to furnish a 
record of a portion only of the work done, that which merely 
serves as a foundation for future research. 

In March, 1874, Messrs. Miller, Metcalf and Parkin, steel 
manufacturers of Pittsburgh, selected eight samples of steel which 
were believed to form a set of graded specimens, the order being 
based on the quantity of carbon which they were supposed to con- 
tain. They were numbered from one to eight. On analysis the 
quantity of carbon was found to follow the order of the numbers, 
while the other elements present, silicon, phosphorus and sulphur, 
did not do so. As the method by which these samples were se- 
lected has an important bearing on the subject in hand it will not 
be out of place to describe it. 

The steel is melted in black-lead crucibles capable of holding 
about eighty pounds. When thoroughly fluid it is poured into cast 
iron moulds, and when cold the top of the ingot is broken off ex- 
posing a freshly fractured surface whose plane is approximately at 
right angles to the axis of the ingot. The appearance now pre- 
sented is that of confused groups of crystals, all appearing to 
have started from the outside and to have met in the centre, and 
this general form is common to all ingots of whatever composition ; 
but to the trained eye, and only to one long and critically exer- 
cised, a minute, but indescribable difference, is perceived between 
varying samples of steel, and this difference is now known to be 
owing almost wholly to variations in the amount of combined 
carbon, as the following table will show. This consists of twelve 
samples selected in April, 1875, by the eye alone, and the analyses 
were made from drillings taken direct from the ingot before it had 
been heated or hammered. 
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TABLE I. 



tvcior vo^s. 


IBOSr BT 
DIFFEKEXCE. 


CAKBCIS. 


• CAKBOS. 
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i 


' moomoKL's. 


scunoL* 


1 


1 »in4 
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■ot» 


•047 


•018 


t 


fl»^4» 


-490 


-UB 


-0S4 


•006 


-016 
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•043 


^ 


•018 
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•MO 
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•089 




•Oil 
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•801 


•168 
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•OB 


•016 
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•ou 


•040 


-099 


•094 


•010 




99*044 


•887 


•OK 


•0S7 


•014 


•018 




99HM0 


•871 


-004 


•063 


•0C4 


•012 
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•966 


-064 


•060 


•070 


-016 


10 


98-861 


1006 


•060 


•088 


•084 


H»I9 


11 


98-709 


lOM 


•068 


•MO 


•064 


•006 


n 


96-834 


1-079 


•091 


•o» 


•044 


•004 


MBAV 






-071 





Here the carbon is seen to increase in quantity in the order of 
the narobers, while the other elements, with the exception of total 
iron, bear no relation to the numbers, on the samples. 

It has been long known that the structure of cast steel, as vis- 
ible to the eye, bore some relation to the quantity of carbon present, 
and a rough classification by this method has been in practical use, 
but the above analyses show a very close connection between com- 
position and structure, for differences of carbon so slight as seven- 
hundred ths of one per cent, will impress such a change in the 
crystalline appearance of the metal that the eye of the expert can 
detect it, rarely ever making a mistake where the total carbon 
rises to a half per cent, or upwards ;. in very mild steels the dis- 
crimination is less perfect. 

The appearance of the fracture by which the above twelve selec- 
tions were made can only be seen in the cold ingot before any 
operation, except the original one of casting, has been performed 
upon it. As soon as it is heated or hammered the structure changes 
in a most remarkable manner so that all trace of the primitive 
condition ajypears to be lost. This is very well shown by this 
specimen which exhibits on one side large coarse crystals, and on 



^ The detonninatioiii of sulphur wero made by Prof. A. B. Leeds, of Hoboken, K. J. 
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the other a fine grained non-crystalline fracture, the one having 
been changed into the other by a brief elevation of the ingot to a 
red heat. But although the crystalline form thus seems to be lost 
by heating or rolling, it can again be rendered evident by a special 
mode of treatment. 

Another method of rendering visible to the eye the molecular 
and chemical changes which go on in steel is by the process of 
hardening or tempering. 

When the metal is heated and plunged into water it acquires, as 
every one knows, an increase of hardness, but also suffers a loss 
of ductility. If the heat to which the steel is raised just before 
plunging is too high, the metal acquires intense hardness, but it is 
so brittle as to be worthless ; the fracture is of a bright, granular, or 
sandy character. In this state it is said to be burned^ and it 
cannot again be restored to its former strength and ductility by 
annealing ; it is ruined for all practical purposes, but it is in just 
this state that it again shows diflTerences of structure correspond- 
ing with its content in carbon. 

The general nature of these changes induced by heat and tem- 
pering are sufficiently marked to be visible to an untrained eye. 
The following set of specimens has been prepared to illustrate 
them ; the six samples show at one extremity the effect of burning, 
in the centre that of a heat which gives the maximum of hardness 
together with strength, and at the other end the fracture of the 
bar in the state it left the rolls. 

The great molecular changes thus rendered evident are proba- 
bly accompanied by changes of a chemical character between the 
iron and carbon. I am not yet prepared to assert it as a fact. It 
has, however, been stated by Caron, that chemical changes do 
really occur under these circumstances. 

There is a physical property which is well known to be intimately 
connected with chemical structure, viz., density, and in the case 
of union between gases it has risen to be sometimes the criterion 
of combination even. 

The specific gravity of steel and iron has been taken many 
thousand times before this, but not usually in conjunction with 
analysis, and it is believed that a study of the densities of a series 
of steels, under varied conditions, and as a sequel to analytic work, 
would develop facts of interest. 

Accordingly samples were taken from the above twelve ingots 
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by boriDg out a piece with a crown drill, breaking off the core lefb 
by the tool, and then grinding and polishing the surface smooth. 
Also six bars drawn from the ingots were heated to burning at one 
end and were left cold at the other, then plunged into water, thus 
forming sets like the fractures just exhibited. Each bar was then 
broken into six pieces and the ends rendered smooth so that their 
speciflc gravity could be taken. 

In the following table the results are given. The upper horizontal 
line contains the numbers belonging to the ingots, the left hand ver- 
tical column gives the order of the pieces broken from the bars. 

TABLE II. 

Report of the Specific Gravities of twelve samples of Steel from 
the ingot (unheated and not hammered). Also of six hammered 
bars, each bar being overheated at one end and cold at the other ; 
in this state plunged into water, and then broken into pieces of 
equal length. 



NO'S. 


1. 


2. 
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6. 


6. 


7. 


8. 


1 
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10. 


11. 


12. 


INGOT 
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7-836 


7-841 


7-829 
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■ 
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7-803 
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7-744 




7690 
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7-814 


7.811 




7-784 
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7-749 




7-741 


8 






7-823 


7-830 




7-780 




7-758 




7-755 




7-7B9 


4 






7-826 


7-849 




7-808 




7.773 




7-789 




7-798 


6 






7-831 


7-808 




7-812 




7-790 




7-812 




7-811 


Cold 6 






7-844 


7-824 




7-829 




7-825 




7-826 




7-825 



Temperature to which the densities are referred is 60° F. 
It is thus seen from the table that the density decreases with the 
increase of carbon from No. 12 to No. 5, which contains ^ of one 
per cent, of carbon. Below this number the influence of various 
physical conditions, such as rapidity of cooling, degree of fluidity 
before casting, etc., influence the specific gravity in an apparently 
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erratic manner, though the numbers still continue to run parallel 
with the decrease in the quantity of carbon, in a general sense. 
Also if the influence of temperature on density is noted with re- 
gard to the sets of hardened samples, it will be seen that taking 
the numbers from 12 to 6 (or those containing the highest amounts 
of carbon) the specific gravity is lower, the higher the temperature 
applied. 



On a SiLicious DEPOsrr from the Interior op a Hollow Mass 
OP Limonite, with Observations on the Molecular Move- 
ments OP Finely Divided Matter. By N. T. Lupton, of 
Nashville, Tenn. 

While engaged recently in the examination of a Silicious De- 
posit found in a nodular mass of Limonite known among miners 
as ''pot ore," it occurred to me that the substance in question was 
of sufficient importance to justify a record of the analysis, and of 
the subsequent investigation to which it led. This variety of ore 
consists of hollow concretionary masses of various sizes, the cavi- 
ties being frequently filled with water. 

Fossils are sometimes found adhering to the inner surface, or 
imbedded in the silicious matter contained within the mass. The 
external surface of these concretions is rough and irregular, while 
portions of the smooth interior often exhibit the most beautiful 
iridescent colof s. 

The "iron pot" referred to contained, when broken open, a quan- 
tity of water from which the silicious sediment had evidently set- 
tled. This sediment presented to the eye a brownish, earthy 
appearance, with minute glistening particles of silica. It was 
soft to the touch, easily pulverized by the fingers, and was given 
to me for examination on the supposition that it consisted of infu- 
sorial earth capable of use as a polishing powder. When heated 
in a platinum crucible, it blackened and evolved gaseous combusti- 
ble matter which burned with a yellowish flame. 

A. A. A. S. vol. XXV. 9 
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After the combmitioii was completed, a grajish-colored ash 
mained, consisting chiefly of silica. An analysis yielded the fol- 
lowing result : 

Moisture at 100** c . . i 1-22 

Volatile and combustible matter • • . . 18-31 

Silica 66-65 

Ferric oxide 14-20 

Total 100-38 

The microscope revealed no infusorial shields, but with a magni* 
fying power of 300, this substance exhibited so well the molecular 
movements common to finely divided matter, that it led to an in- 
vestigation of this phenomenon with results, in some respects, dif- 
ferent from those hitherto recorded. These so-called Brownian 
movements, described by Robert Brown in 1827, have not, so far 
as I know, been satisfactorily explained. They are common to 
minutely divided matter whether organic or inorganic, and so life- 
like under favorable circumstances as to be readily mistaken by 
the inexperienced microscopist for vital movements. 

Various explanations have been given to the phenomenon. It 
has been attributed to currents in the liquid in which the matter 
is suspended, to heat, electricity, magnetism, and even to the nat- 
ural molcci^lar motion of matter itself. 

Dr. Carpenter attributes these movements to heat ; he says, " the 
movement {s not due (as some have imagined) to evaporation of 
the liquid, for it continues without the least abatement of energy 
in a drop of aqueous fluid that is completely surrounded by oil, 
and is, therefore, cut off from all possibility of evaporation ; and 
it has been known to continue for many years in a small quantity 
of fluid enclosed between two glasses in an air-tight case* It is, 
however, greatly accelerated and rendered more energetic by heat ; 
and this seems to show that it is. due either directly to some calor- 
ical changes continually taking place in the fluid, or to some ob- 
scure chemical action between the solid particles and the fluid, 
which is indirectly promoted by heat." 

Dr. Beale speaks of these movements as taking place '4n a fluid 
not viscid." 

In my investigations, various substances were used, such as the 
siliclous earth above mentioned, the finely divided sediment from 
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river water, finely divided silica, various precipitates, and finely 
pulverized Limonite from which the water of combination had 
been expelled. The first and last substances enumerated fur- 
nished the most satisfactory results, which are as follows : — 

1. Each moving particle seems to have an independent motion, 
and does not appear to be attracted and repelled by surrounding 
particles. Occasionally particles come in contact and again sep- 
arate, but not as though influenced by mutual attraction and re- 
pulsion. The motions are not rhythmical, nor are they confined 
to oscillations and rotation, but include also changes of place in 
the field of view. 

2. Heat does not appear to increase or diminish the rapidity 
of the movements, nor does it, so far as I could see, have any 
effect upon them. The material was suspended in boiling water,' 
and closely observed through an immersion lens magnifying 800 
diameters, while the water gradually cooled to the temperature of 
the surrounding air ; it was then cooled by means of ice with no 
apparent diminution of the movements. Similar results were ob- 
tained by gradually warming the liquid. 

3. While neither heat, magnetism, nor chemical reagents seem to 
have, any eflfecti there is an apparent increase in the rapidity and 
amplitude of the movements, especially in the larger particles when 
under the influence of strong light, indicating a connection between 
this force and the movements in question. 

4. It is not necessary for the better production of these move- 
ments, as is stated in Griffith and Henfry's Micrographical Dic- 
tionary, that the specific gravity of the matter, and of the liquid 
in which it is suspended should be "as nearly as possible coinci- 
dent." Finely divided Ferric Oxide produced results equally as 
good as lighter substances. 

5. These movements are not confined to water and other lighter 
liquids, but can be seen when the matter is suspended in a viscid 
liquid such as glycerine. In this case, only the smallest particles 
were observed in motion, and the amplitude of the movements 
was much less than in water. 
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Ox THS ChZMICAI. CoMPOamOH or a SaUHK EFTLOBiaCXHCX oc~ 

cuBBnrG AT GrOAT IsLAJH). By £dw. W. Moblkt^ <^ Hndaoiit 
Ohio. 

This effiorescenee occnrs on small shelyes and otiier projections 
of rock at the base of the precipice between the American and 
Canadian Falls. These siieiyes are tolerably well protected from 
fain by the over-hanging rock above thenu The qoaatity of the 
efflorescence is small ; only two grammes were obtained for exam- 
ination. It was grayish white, pnlTemlent, yielded water in the 
closed tnbe, was two-thirds soluble in water, and nine-tmths 96^ 
nble in dilate acids. The insolable residue had the appearance, 
mider the microscope, of fine splinters and worn grains of qoartz. 
There were determined in one portion ; the water given off over 
snlphnric acid, at 110 degrees Centigrade, and at 170 degrees ; the 
part soluble in water, that insolable in acids, and that soluble in 
acids by difference ; all the acids and bases of the part soluble in 
water ; and the bases of the part soluble in acids ; the determi- 
nation of the acids of this part was lost by accident. 

The part soluble in water consists of calcium and magne»am 
•olphates, with a small quantity of potassium and sodium sol- 
phates. The atoms of calcium and magnesium are in the ratio of 
81 and 100. 

The result of the analysis of the efflorescence is as follows : 

Calcium sulphate, with water of cryst. 
Magnesium sulphate, with water of cryst. 
Sodium and potassium sulphates • . 

Soluble in water . . 
Calcium and magnesium carbonates, etc 
Alumina and oxide of iron .... 

Soluble in acids • . 
Insolable residue 
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* Nearly all the papers read in the Chemical Section are printed in ftill in the 
American Chemist for November and December, 1876. 
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Ladies and Gentlemen: — 

It would be pleasant indeed if only a lecture or an essay were 
expected from the presiding ofScer of the Section ; but an address 
implies a great deal more, and the giver of it is not only expected 
to be entertaining, where perhaps he never entertained before, but 
instructive upon grounds on which, perchance, he has made but 
partial survey. Among the many questions of sustaining interest, 
a number of subjects intrude themselves. A general review of the 
work accomplished since the last meeting of the Association would 
seem an appropriate subject for discourse. Yet beyond my special 
studies I feel quite incompetent to scan so broad a field. In this 
year of centennial reviews, one might naturally fall into an at- 
tempt to sketch the growth of science and the work accomplished 
within the last hundred years, but that would not only be too vast 
a field, but would on the whole be unprofitable, since time-boun- 
daries, like the surveyor's lines bordering a state, have no definite 
existence in Nature. The natural boundaries of oceans and sierras 
do indeed isolate and impress peculiarities of thought and action 
upon man, as upon the creatures below him, and for this reason 

(187) 
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we may with propriety examine the work of our nation in any* line 
of investigation. Never before has the study of animals been 
raised to so high a dignity as at present. While chemistry could 
point to its triumphs in the arts, and geology to the revelations of 
hidden wealth in the rocks, zoology was for the most part a mere 
adjunct to geology, or a means to thwart the ravages of insects. 
Now, however, it is the pivot on which the doctrine of man's origin 
hinges. The worldB themselves are too old to study, though the 
spectroscope reveals the existence of celestial protoplasm as their 
physical basis. The rocks are too rigid and the time too immense 
to come within the compass of our minds, but the living facts of 
evolution are with us to-day in these graceful forms and their 
constant changes, while the records more or less preserved in past 
times give us a clew to things hinted at in the earlier changes 
of present existing forms. It seems, therefore, at the present 
time, that a review of the work accomplished by American stu- 
dents for the doctrines of natural selection might be acceptable 
for several reasons, and first among them might be mentioned the 
fact that thus far no general review of the kind has been made ; 
and, secondly, that with few exceptions all the general works upon 
the subject are from English or German sources, and filled with the 
results of work done there oftentimes to the exclusion of work 
done elsewhere. The oft-repeated examples in support of the de- 
rivative theory belong to Europe. The public is familiar with 
these facts only, and comes naturally to believe that these examples 
alone exist, and from their remoteness do not carry the weight of 
equally or perhaps more suggestive facts which lie concealed in 
the technical publications of our own societies. A review of the 
work accomplished by American students bearing upon the doc- 
trine of descent must of necessity be brief. Even a review of a 
moiety of the work is beyond the limits of an address of this 
nature. And for obvious reasons I must needs here restrict it to 
one branch of biology, namely, zoology. For material, the scien- 
tific publications of the country have been scanned, and an attempt 
has been made to bring together the more prominent facts bearing 
upon natural selection. In this review the zoological science of 
the country presents itself in two distinct periods : The first period, 
embracing as to time-limits the greatest portion, may be recognized 
as embracing the lowest stages of the science ; it included among 
others a class of men who busied themselves in taking an inven- 
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tory of the animals of the country, an important and necessary 
work to be compared to that of the hewers and diggers who first 
settle a new country, but in their work demanding no deep knowl- 
edge or breadth of view. And so the work to be done in tabu- 
lating the animals has more often been done by specialists who 
neither knew nor cared to know the facts lying beyond the limits 
of their studies ; a work often prompted* by the same spirit that 
one sees among children in the collection of birds' eggs and post- 
age-stamps. The workers in this class were compared by Agassiz 
to those who make the brick and shape the stone for the edifice, 
an indispensable work, but with it was raised not the edifice but 
an almost insuperable barrier against the acceptance of views mpre 
in accordance with reason and common-sense. So thoroughly in- 
terwoven with this work were certain conceptions believed to bo 
infallible, that overpowering indeed has been the argument to 
render as coadjutors the very men who so thoroughly opposed 
Darwin at the outset. It seems unnecessary to point out the 
mode of work adopted by the class above described. Their honor 
involved as soon as their name had been attached to a supposed 
new species, and any deviation from the type oftentimes persist- 
ently overlooked, what wonder, when every local variety received 
a new name and that name stamped upon a supposed valid crea- 
tion — what wonder, I repeat, that whole groups of animals have 
been so thoroughly scourged by such work that few have the cour- 
age to engage in the task of revision ? 

Emerson's reflections on the science of England in 1847 would 
apply with far more propriety to our country even at a much later 
date, where in his words '^one hermit finds this fact and another 
finds that, and lives and dies ignorant of its value." With the 
noble examples of Dana, Wyman, Leidy, and Buraett, before 
them, they did not profit. In fact, the labors of these honored 
men, and early in the century Lesueur and others, gave the country 
its largest claim to recognition abroad. The second period dates 
from the advent of Agassiz in this country. With his presence a 
gradual but entire change took place. He rendered the study a 
dignity rather than a pastime. No longer were the triflers to fling 
their loose work before the academies unrebuked. The protests 
he uttered in this Association were the means of elevating the tone 
of the communications. In fact, nothing indicates the poverty of 
our attainments in zoology more than an examination of the vol- 
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umes preceding Agassiz's presence and the succeeding volumes. 
With his honest repudiation of all that was bad, he frightened 
away the lighter chaff, and there was but little solid work left to 
take its place. Agassiz made men, and his example, and the 
methods of work taught by him, spread to other parts of the 
country. He brought the American student into intimate ac- 
quaintance with the classical work of European naturalists. In 
his public lectures the names of Cuvier, Yon Baer, Leuckart, and 
others, became familiar. The public caught the enthusiasm of 
this great teacher, and money was lavishly given by the citizens 
and the State in aid of his scientific undertakings. Agassiz's 
earnest protest against evolution checked the too hasty acceptance 
of this theory among American students. But even the weight of 
his powerful opposition could not long retard the gradual spread 
of Darwin's views ; and now his own students, last to yield, have, 
with hardly an exception, adopted the general view of derivation 
as opposed to that of special creation. The results of his protest 
have been beneficial in one sense. They have prompted the seek- 
ing of proofs in this country, and now our students are prepared 
to show the results of their work in evidence of the laws of pro- 
gressive development, and it is mainly this work that I wish to 
review. 

So much is claimed for birthplace that, in the way of history, 
it may not be amiss to call attention to the fact that the first 
clear premonition of the theory of natural selection came from 
this country. 

William Charles Wells, born in this country, at Charleston, 
South Carolina, in 1757, in a paper read before the Royal Society, 
in 1813, first substantially originated the theory to account for the 
black skin of the negro. He limits his application to races of men 
and certain peculiarities of color, correlated with an immunity 
from certain diseases ; in proof of it he cites domesticated animals, 
and the selection by man in precisely the same line of argument 
urged by Darwin. In the preface to the last edition of the " Origin 
of Species," Darwin refers to Wells^s ei^say as entitled to the credit 
of containing the earliest known recognition of the principle. Dr. 
Wells first shows that varieties among men as among animals are 
always occurring, and having cited the way in which man selects 
certain qualities among domesticated animals and thus secures dif- 
ferent breeds, calls attention to the well-known fact that the black 
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as well as the white raced are differently affected by certain dis- 
eases peculiar to the countries which they inhabit. He finds a 
coincidence between the immunity from certain diseases and the 
black color of the skin," though why this is so he does not attempt 
to explain. He thinks that, through the successive survival of 
dark skins, the dark variety of the human race has become fixed. 
Referring to man's selective action regarding domesticated ani- 
mals, he says: ^^But what is here done by art seems to be done 
with equal eflBicacy, though more slowly, by Nature, in the forma- 
tion of varieties of mankind fitted for the country which they in- 
habit." These sentences have such a Darwinian sound that, when 
we remember they were dragged from obscurity by Mr. Darwin 
himself, we can share in what a recent writer ^ happily calls " Mr. 
Darwin's evident delight at discovering that some one else had 
said his good things before him, or has been on the verge of utter- 
ing them." As early as 1843, Prof. Haldeman^ discussed some of 
the arguments brought forward by the opponents of the Lamarck- 
ian theory, and offered certain views in favor of the transmutation 
of species. While he does not hint at the laws of natural selec- 
tion, he recognizes fully the value of varieties and their persis- 
tency and ultimate divergence. He says, "Although we may not 
be able artificially to produce a change beyond a given point, it 
would be a hasty inference to suppose that a physical agent acting 
gradually for ages could not carry the variation a step or two far- 
ther, so that instead of the original one we will say four varieties, 
they might amount to six, the sixth being sufficiently unlike the 
earlier ones to induce a naturalist to consider it distinct." 

In the year 1850, Dr. Joseph Leidy, in a paper on entophyta in 
living animals, wrote as follows: "The essential conditions of life 
are five in number, namely : a germ, nutritive matter, air, water, 
heat, the four latter undoubtedly existing in the interior of all 
aniraals."3 Dr. Leidy affirms his belief that very slight modifica- 
tions of these essential conditions of life were sufficient to produce 
the vast variety of living beings upon the globe. In an early 
stage of the controversy. Prof. Jeffries Wyman expressed his views 
in regard to the Origin of Species in the following unmistakable 
language. He said " we must either assume on the one hand that 

» Gray's *• Dai'winiana,'' p. 284. 

* "Journal of the Boston Society of Natural History,'' yol, iy. p. 868. 

8 <« Proceedings of the Philadelphia Academy," yol. iii, p. 7. 
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living organisms commenced their existence fully formed, and by 
processes not in accordance ^ith the usual order of nature, as it 
is revealed to human minds, or, on the other hand that each spe- 
cies become such by progressive development or transmutation ; 
that, as in the individual so in the aggregate of races, the simple 
forms were not only the precursors, but the progenitors of the 
complex ones, and that thus the order of tiature, as commonly 
manifested in her works was maintained."^ 

The theory of derivation based upon the principles of natural 
selection demands the following admissions : that species vary, 
that peculiarities are transmitted or inherited, that a greater 
number of individuals perish than survive, and that the physical 
features of the earth are now and have been constantly changing, 
and that precisely the same conditions never recur. These are ad- 
mitted facts. Now comes the theoretical part of natural selection, 
namely, that the varieties which survive are those which are more 
in harmony with the environments of the time. These proposi- 
tions, with minor ones, form the theory of Darwin. Lamarck and 
others had recognized the gradual enhancement of varieties into 
species, but had not struck the key-note of natural selection, 
though Wells in the beginning of the century had clearly recog- 
nized it in a pertinent example. If we look impartially at tliese 
propositions, we need no demonstration to prove the inheritance 
of characters the most minute, and even the perpetuation of the 
most subtile features.. 

On general principles, too, the proposition, that those individu- 
als best adapted to their surroundings survive, need only be stated 
to be accepted by a reasonable mind. In truth, to deny it would 
be to deny, as Alphonse de CandoUe says, that a round stone 
would roll down-hill faster and farther than a flat one. Indeed, 
this eminent botanist affirms that natural selection is neither a the- 
ory nor an hypothesis, but the explanation of a necessary fact. 

The constant physical changes in the past and present condition 
of the world are incontrovertibly established. It seems, then, 
that the prime question resolves itself into whether each species 
as a whole has something inherent which prompts it to vary 
irrespective of its environments, or whether a correlation can be 
established between the variation of species and certain phj^sical 

* ** Am. Joar. Sci. and Arts/' second series, vol. xxxvi. No. 107, Sept. 1863, p. 296. 
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conditions inducing these variations, and here let me add that of 
all groups of animals from species through genera to higher divis- 
ions, that group of individuals recognized as a species has the 
most tangible existence. And, as a proof of this, there need only 
be mentioned the fact that many naturalists, while regarding spe- 
cies as clearly distinct, have on the other hand looked upon classi- 
fication as an artificial method to facilitate the study, and hence 
the innumerable schemes and the successive interpolation of sub- 
classes, sub- orders, sub-families, and sub-genera, which simply 
circumscribed smaller groups than had before been recognized. 

The rapid multiplication of some of these groups has already 
formed a serious obstacle to the study of systematic zoology. 

What would goo^ Dr. Mitchell have said if he could have fore- 
seen the generic lists of to-day ! In an article on the " Proteus 
of Lake Erie," he expressed his aversion to multiplying names in 
zoology, and lamented the tendency. He protested as follows, 
fifty years ago : " By some, these innovations have been so wan- 
tonly introduced, as almost to threaten in the end the erection of 
every species into a distinct genus."^ Though these words were 
undoubtedly aimed at Rafinesque, they were none the less pro- 
phetic. 

Whatever may be said of the existence in nature of other 
groups, there can be no question that species have the most defi- 
nite existence, and it would seem then that nothing more need be 
proved for the theory of descent as opposed to the theory of spe- 
cial creation, than the establishment of the fact that species 
assume the characters of new species, or disappear altogether with 
a change of surroundings. • As examples might be cited, the 
transplanting of Alpine seeds to warmer regions below, and an 
accompanying change of the plant into another species before 
known in the warmer region, or, more remarkable still, the change 
of a species of Crustacean which lives in salt water, to another 
species with a partial freshening of the water, and this freshening 
slowly persisted in, the form changing into another genus, and in 
so doing losing one of its segments. In the first case we see the 
effect of temperature, and in the second case the physical influence 
of salt and water in different proportions. 

Now, these and hundreds of similar examples can be incontest- 
ably proved. 

* '* Amerioan Journal of Sciences and Arts,'' vol. yii,.1^9. 
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Even the prolonged existence of the fonn of some animals, like 
LingtUa, may be referred to an inherent vitality which enables them 
to survive changes that caused the death of thousands of others. 

In an early discussion of Darwin's theory,^ Prof. Agassiz cited 
the persistence of Lingula as fatal to the theory, and Prof. 
William B. Rogers replied that the vital characters of some an- 
imals would enable them to survive above others. Ten years later, 
I had an opportunity of studying living Lingula on the coast of 
North Carolina, and brought specimens home alive in a small jar 
of water, and kept them in a common bowl for six months without 
the slightest care. Their power of surviving under changed con- 
ditions — their vitality, in other words- — seems incredible.''^ (For 
further details, see reference below). 

It has for a long time been suspected that the species of Mol- 
lusca, described in such profusion in this country, would be re- 
duced when the slightest attention to their habits had been made. 
Dr. James Lewis® long ago observed that a certain species of 
fresh-water mussel, described as Alasmodonta truncata, is only the 
truncate form of another species, A. marginata. From a careful 
study of the conditions surrounding the first form in the Mohawk 
River, he had reason to believe that the rapid currents which pass 
over it bear along substances that, coming in contact with the ex- 
posed edges of the shell, break them down, thus retarding the 
growth of the shell at this point, and the animal concentrates* its 
growth-powers to the repairs of the broken portion. The same 
gentleman also shows that the so-called species Lymncea elodes^ 
catascopium, and marginata^ " are modifications of one type or 
species, infiuenced by locality and temperature varying the method 
of development." ^ 

A. G. Wetherbyi® calls attention to the variation in form of a 
group of fresh-water snails, found in the greatest abundance in 
certain streams of Tennessee and North Alabama. In showing 
the varied influences to which they are subjected, he cites the 
rapid currents of the channels, and the greater liability of the 
snails being torn from the rocks. He shows that they are exposed 

e « Proceedings of the Boston Society of Natural History,'' yol. vii, p. 231, December 
16, 1860. 

f Ibid., vol. XV, p. 315. 

• Ibid., vol. V, p. 121. 

• Ibid., vol, V, pp. 121-128. 

10 '* Proceedings of Cincinnati Society of Natural Sciences,'' No. 1, June, 1876. 
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in various ways to the effects of these currents, with all their 
changing impetus of high and low water — exposed also to priva- 
tion of food from the scouring sand removing the confervse, upon 
which they subsist, from the rocks. He takes into account tem- 
perature, chemical action, and the like, and sfeys, "No greater 
vicissitude can be imagined than this growth in an unstable ele- 
ment." Coincident with these diverse conditions he finds an enor- 
mous variety of forms, and frankly acknowledges that many of 
those described as distinct species must be reduced to synonyms. 

Ge#rge W. Tryon, in his large work on the American Melanians, 
published b}' the Smithsonian Institution, having finished his man- 
uscript in 1865, says, under date of 1873, when the work was 
finally published, " A more enlarged acquaintance with fresh- water 
shells convinces me that a much greater reduction of the number 
of species than I have attempted must eventually be made." 

If we now look upon the definition of a species, as given by a 
gentleman foremost in the ranks as a describer of species, we find 
it formulated as follows : A species represents " a primary estab- 
lished law, stamped with a persistent form (a type) pertaining 
solely to itself, with the power of successively reproducing the 
same form, and none other ;" and this gentleman has not hesitated 
to base these " primary organic laws " upon the evidence of a 
single specimen, and in some cases even the fragments of one have 
offered him a suflEicient inducement ! 

But it has been argued by some that a wide variation may be 
the case with many species. Prof. Agassiz,^^ at a meeting of the 
American Academy, reiterated his opinion that what are called 
varieties by naturalists do not in reality exist as such. He found 
a great abundance of diverging forms in Echinoderms, which, 
without acquaintance with connecting ones, would be deemed dis- 
tinct species, but he found they all passed insensibly into each 
other. 

Prof. Parsons suggested that more extended observations might 
connect received species by intermediate forms, no less than so- 
called varieties ; and Prof. Gray remarked that the intermediate 
forms, connecting by whatsoever numerous gradations the strongly 
divergent forms with that assumed as a type of a species, so far 
from disproving existence of varieties, would seem to furnish the 

u " Proceedine^s of the American Academy/' yol. y, p. 72. 
A. A. A. S. VOL. XXV. 10 
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best possible proof that these were varieties. Without the inter- 
mediate forms they would, it was said, be taken for species ; their 
discovery reduced them to varieties, between which (according to 
the ordinary view) intermediate states were to be expected. 

Recognizing, then, the existence of varieties, and of varieties 
sufficiently pronounced to have led careful naturalists to regard 
them as distinct species, what shall we say when it is found that 
these^ marked forms are correlated with certain physical conditions, 
many of which have originated within comparatively recent times? 
Dr. J. G. Cooper,^2 atXer a careful study of the California land 
:finails, ascertained that *'*' species, sub-species, and varieties, living 
in cool, damp situations, become more highly developed (but not 
always larger) than the others ; the shell assuming a more com- 
pact (imperforate) form, and losing those indications of imma- 
turity referred to, viz., sharp, delicate sculpture, bristles, and 
angular periphery. These characteri&ftics, however, remain more 
or less permanently for indefinite periods, and give that fixedness 
to the various forms, even when living under the same conditions, 
which enables us to retain them as sub-species differing from vari- 
•eties in permanency, and from races in not inhabiting distinct re- 
gions." It may be added that Stearns, Bland, and Binney, have 
likewise observed the same peculiar variations associated with 
aridity. 

In a broader field, and compassing different classes, Prof. 
Spencer F. Haird, Mr. J. A. Allen, and Mr. Robert Ridgway, have 
severally shown that marked and specific changes are seen in birds 
and mammals corresponding to differences in their surroundings. 
Prof. Baii'd, in a paper entitled " The Distribution and Migration 
of North American Birds,'' ^^ has shown <that birds in high alti- 
tudes and those bred at the North are larger than those born South 
and at low altitudes ; that Western birds of the same species have 
longer tails than eastern examples, and that the bill increases in 
size in those birds occurring in Florida as compared with those 
found north of that State, and that on the Pacific coast the birds 
are darkerln color than those found in the interior. 

Mr. J. A. Allen^^ has made a more special study of this matter, 
and his work ranks among the mo&t important contributions to 

»* •* Proccedine^s of the California Academy of Natural Science," vol. y, p. 118. 
^ <* American Journal of Science and Arts," vol. xli, January and March, 1866. 
14 « Proceedings of the Boston Society of Natural History," vol. xv« p. 156. 
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this science. Mr. Allen finds that there are marked geographical 
variations in mammals and birds. He shows that northern mam- 
mals of the same species are more thickly and softly furred, and 
that toward the south the peripheral parts, such as the ears and 
feet, are more developed. The same law holds good in birds, a 
diminution in size being observed toward the south, and the individ- 
uals being darker in color. 

As one goes south he meets with the same species of birds, 
whose bodies are shorter, but whose beak, tail and claws, are 
longer. On the Plains, also, he found the birds with plainer tints, 
while southward the colors became more intense. On drawing up 
a table indicating the regions of lighter varieties, and comparing 
it with a chart of mean annual rainfall, Mr. Allen found the lighter 
forms occurred in dry regions, and the dark forms in relatively 
humid regions. To sum up : Mr. Allen finds in latitudinal vari- 
ation climatic influences affecting color as well as altering the size 
of bill, claw, and tail, while longitudinal variation usually affects 
color alone. 

He states that these laws are now so well known that a species 
may be predicted to assume a given color if under certiftin specific 
climatic conditions. 

Mr. Robert Ridgway^^ has in a similar way called attention to 
the relation between color and geographical distribution in birds 
as exhibited in melanism and hyperchromatism, and has shown 
that red areas " spread " or enlarge their field in proportion as we 
trace certain species to the Pacific coast, and that in the same pro- 
portion yellow often intensifies in tint. 

The results of these investigations can be easily understood. 
Nearly if not quite one hundred and fifty species of birds, which 
were recognized as distinct, are at once reduced to varieties, though 
less than twelve years ago they were looked upon as good species, 
with which no external infiuence had anything to do. Nearly if 
not quite a fifth of the number of species of birds have been re- 
duced by the investigations of Baird, Allen, Coues, and Ridgway. 

The mammals, through the same study of geographical variation, 
will have been reduced at least one-fourth.. Already Mr. Allen^^ 
has studied the geographical variation of the squirrels, and the 

IB ** American Journal of Science and Arts,'' toI. iv, December, 1872, p. 454, and 
▼ol. V. p. 89. 

u « Proceedings of the Boston Society of Natural History," yol. xiv, p. 276. 
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result is that a reduction has been made of one-half the number 
of species before recognized. Prof. Baird, in his monograph of 
North American squirrels, reduced the number from twentj-four, 
as acknowledged by Audubon and Bachman, to ten well-established 
species and two doubtful varieties. Allen, with still greater advan- 
tage in the shape of a mass of material from the Western surveys, 
reduced the ten species to five species, with seven geographical 
rarieties. 

Should it be urged that the present tendency toward reducing 
species be taken as an evidence that species had not before been 
propcrl}^ defined, then it offers a stronger argument still in favor 
of the fact that species are even more variable than had before 
been supposed, leaving the greater possibility of larger numbers 
of these ultimately surviving. Again, the assumption that the 
limitation of specific variation had not been properly indicated, 
shows how reprehensible has been the work of some of those who 
have burdened our literature with their bad species. 

The fact is, the work has in a measure been justifiable, and is 
not to be wholly condemned. The workers in this field have fol- 
lowed the teachings of their masters. A group of individuals re- 
moved from an allied group of individuals by an extra dot or 
darker shade, perpetuating their kind from generation to gener- 
ation, marked with persistent characters, and in every way coming 
up to the standard recognized as specific, had the right to be 
judged as such. It is only when a whole series of forms are col- 
lected, and climatic infiuences are seen to affect these in the same 
way that they affect other groups of species even in different 
classes, that the mere influence of moisture and temperature is 
shown to be the sole cause of many of these supposed specific 
characters. 

Dr, A. S. Packard, in his remarkable monograph of a group of 
inolhs, the Phalsenidse, published under the auspices of the Hay den 
Survey, finds that with some species there are changes analogous 
to those pointed out by Baird and Allen ; and while he does not 
find enough to establish a law, yet to his mind enough is seen " to 
illustrate how far climatic variation goes as a factor in producing 
primary differences in faunae vvithin the same zones of temper- 
ature," and he admits that varietal and even specific differences 
may arise from these climatic causes alone. Dr. Packard, in the 
same work, under the head of "Origin of Genera and Species," 
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says^ '^The number of so-called species tends to be redaced as owr 
specimens and information increase." The genera also "areas 
artificial creations as species and varieties. The work of the syste- 
matic biologist often amounts to but little more than putting Nature 
in a strait-jacket." 

An application of the influence of temperature is here proper, 
as explaining, on a rational gi'ound, the persistence of peculiar 
arctic forms of animals and plants on the summits of Mount 
Washington and* other high peaks. With a knowledge of glacial 
phenomena, we are capable of judging of the condition of things 
which must, of necessity, have existed directly after the recedence 
of the great ice-sheet : its southern border slowly retreating, and, 
with the encroachment of the warmer zone, the arctic forms dying 
out, or surviving under changed conditions ; but, in high plateaus 
and mountains, local glaciers flourished for a while, and at their 
bases arctic forms flourished, and, lingering too long, were ultl-* 
mately cut off b}^ the retreat of the main field. This interpretation 
of arctic forms on high peaks, though attended to by several Amer^ 
lean naturalists, is not new. Oswald Heer, in discussing the origin 
of certain animals and plants, coincides with De Candolle that 
Alpine plants are relics, as it were, of a glacial epoch. Prof. 
Gray^^ had also independently arrived at the same conclusions, 
based on a comparison of the plants of Eastern North America 
and Japan. In the position he maintained regarding the derivation 
of species from preexisting ones, he stood far in advance of his 
brother naturalists in this country, for this was before Darwin*s 
great work had appeared, and before Heer had developed the host 
of fossil plants from the arctic zone. Mr. S. I. Smith, in speaking 
of mountain faunae, points out the gradual encroachment of glac« 
iers, and the drawing down of northern forms ; and, as the glaciers 
retreated, these forms were caught, "the mountain-summits being 
left as aerial islands." Dr. Packard and Mr. Scudder have severally 
called attention to the same thing. 

Prof. A. R. Grote has more fully dealt with the subject? in a 
paper read before this Association, and in a graphic way shows 
that the " former existence of a long and widely-spread winter of 
years is offered in evidence through the frail brown CEneis butter* 
flies, that live on the top of the mountains within the temperate 
zone." I have been thus explicit, in order to contrast these more 

17 (« Memoirs of the American Academy/' vol. yi, pp. 377-458 (1859). 
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rational views with those formerly entertained by eminent natu- 
ralists, whose minds were imbued at the time with the idea of 
special creation. Mr. Samuel H. Scudder*® read before the Boston 
Society of Natural History an account of distinct zones of life on 
high mountains, as illustrated in the insect-life of Mount Wash- 
ington. He called attention to certain insects which he supposed 
peculiar to the summit, and not found farther north, though show- 
ing a remarkable correspondence to certain arctic forms. Prof. 
W^^'man asked whether all the facts might not be accounted for on 
the theory of migration northward after a glacial epoch, and Prof. 
Rogers suggested that the facts might be accounted for on the mi- 
gratory theory if we added thereto the supposition of subsequent 
Variation induced b}' isolation. Yet these views were persistently 
opposed by the other naturalists present. The mass of evidence 
already contributed, as to the extraordinary variation in color, 
markings, and size of species coinciding with their physical sur- 
roundings, though perhaps trivial in itself, becomes important 
when the proofs are grouped together, and all bear upon the theory 
of derivation. So slight a thing as change of food is found to in- 
fluence certain animals even to a degree usually regarded specific. 
The late Dr. B. D. Walsh^^ discovered some very curious features 
among insects connected with a change of food. First, he estab* 
lished the fact that insects accustomed to one kind of plant could 
acquire a taste for another kind, and he has shown that in thus 
changing the food of the insect a change took place in the appear- 
ance of either the larva, pupa, or imago, and sometimes all three 
stages were affected. Dr. Fitch had observed that changing an 
insect's larva from the leaf to the fruit affected the appearance of 
the larva. It would be impossible to give even an abstract of Dr. 
Walsh's remarkable essay. It may be said, however, that his in- 
vestigations led him irresistibly to the conclusion that the present 
species have been derived from preexisting ones, and in number- 
less cases he is capable of showing the successive stages from the 
dawn of a plant-eating variety, where the changes are slightly 
seen in the larva only, to the plant-eating species in which pro- 
found changes are seen in the larva, pupa, and imago. 
The minor factors of natural selection, such as protective color- 
is « Proceedings of the Boston Society of Nataral History/' vol. iz, p. 230. 
1* " On Phytophagric Varieties and Phytophagic Species/' ** Proceedings of the Ento- 
mological Society of Philadelphia/' ?ol. iii, p. 403. 
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ing and mimicry^ have been variously illustrated by Mr. R. E. C. 
Stearns, Dr. Kneeland, Prof. Cope, Dr. Charles C. Abbott, and 
others. In a special paper on " The Adaptive Coloration of Mol- 
lusca," 20 J have endeavored to show not only a wide-spread appli- 
cation of this feature to mollusks, and especially those exposed 
by the tide, but in some cases a mimicry of inanimate objects, as 
the accumulation of clay or grains of sand upon the shell. 

Wallace's theory of birds'-nests finds interesting confirmation 
in the observations of Dr. Abbott, who made a special study of a 
large number of robins'-nests, and found the widest variation 
among them. He studied also the nests of the Baltimore Oriole, 
where, according to the theory of Wallace, a concealing nest 
should be made, the bird being exceedingly bright-colored. He 
found that, away from the habitations of man, the orioles built 
concealing nests ; but in villages and cities, on the other hand, 
where they were in no special danger from predatory hawks, the 
nests were built comparatively open, so that the bird within was 
not concealed.2^ 

The differences in the habits of animals of the same species are 
noticed in different parts of the country, and such facts militate 
against the idea that certain unerring w£tys were implanted in them 
at the outset. Indeed, such facts go to show that these various 
creatures not only become adapted to their surroundings, but that 
individual peculiarities manifest themselves. The observations of 
Dr. Coues, Mr. Allen, and Mr. Martin Trippe, go to prove that 
certain birds change their habits in a marked degree. In their 
behavior, too, certain birds, which are wild and suspicious in New 
England, are comparatively tame in the West. In their nesting- 
places they show wide individual variation. 

Prof. A. E. Verrill,22 on the supposed eastern migration of the 
cliff-swallow, traces historically its first appearance in various 
places in the East, and is inclined to the opinion that as the country 
became settled by Europeans the birds left their native haunts for 
barns and houses, and increased in number to a greater extent than 
before on account of the protection invariably furnished by man. 

Rev. Samuel Lockwood^ records a curious case of the Balti- 
more Oriole acquiring a taste for the honey-sacs of bees, tearing 

«> " Proceedings of the Boston Society of Natural History /» yol. xiv, p. 141. 
81 "Popular Science Montlily," vol. vi, p. 481. 

M " Proceedings of the Boston Society of Natural History," rol. ix, p. 276, 
u « American Naturalist,'' vol. vi, p. 721. 
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off the heads of those insects, and, having secured the honey-sacs, 
rejecting the rest of the body. 

Prof. Wyman^^ observes a curious case in Florida, of a colt and 
a number of pigs and cows thrusting their heads under water and 
feeding on the river-grass, in some cases remaining with their 
heads immersed for half a minute. 

Hon. L. H. Morgan^^ observes the widest difference in the habits 
of the same species of beaver in the Lake Superior region and in 
the Missouri, constructing their dams and ways differently, and 
meeting the varied conditions, not by a blind instinct, but by a 
definite intelligence manifested for definite purposes. 

All of these facts, simple in themselves, together go to prove 
that animals do vary in their habits, and with a persistent 
change in habits arises the minute and almost insensible pressure 
to swerve and modify the animal. 

So much does the influence of season, with its accompanying 
peculiarities of food, temperature, humidity, and the like, affect 
certain animals developing coincidently with its different phases, 
that it is instructive to note that in certain species of insects two 
or three different forms occur. Thus Mr. Edwards^ has in an 
elaborate way worked up the history of a polymorphic butterfly 
{Ephiclides ajax)^ showing that there are three forms heretofore 
regarded as distinct species, which are only varieties of one and 
the same species, but appearing at different times of the year, and 
consequently confronted by different influences as to temperature, 
moisture, food, and the like. These forms are known under the 
names of Walshii^ Telemonides^ and Marcdlua^ and both sexes are 
equally affected. The first form mentioned represents the early 
spring type, Telemonides the late spring type, and Marcellus the 
summer and autumn type (see also Mr. Scudder's paper) .^"'^ If 
these influences affect species, we should expect to see the greatest 
variety of forms in a country possessing the widest diversity of 
conditions. 

Some suggestive paths of investigation have been pointed out 
by Prof. N. S. Shaler^ on the connection between the development 
of the life and the physical conditions of the several continents, 

»* •* American Naturalist,** vol. viil, p. 237. 

«» " The American Beaver and his Works." 

9« " Butterflies of North America,' part ix. 

37 « American Naturalist," vol. viii, p. 257. 

s* *' Proceedings of the American Academy," vol. viil, p. 849. 
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showing first that the greatest amount of shore-line in proportion 
to the internal areas indicates a greater diversity of surface within. 

Another proposition he attempts to establish : that in propor- 
tion to the shortness of the shore-lines, or, in other words, to the 
want of variety in their surfaces, will be the diversity of animal 
life in the continent. He then proceeds from Darwin's standpoint, 
and follows out many curious and instructive lines of thought re- 
garding increased amount of influences in diversified surfaces — a 
level plain having the same conditions throughout, but a moun- 
tainous region having for each one thousand feet of elevation a 
new condition of things, in the form of streams, winds, humidity, 
and the like. In areas of simple outline and unvarying surfaces 
we do, in fact, have a less diversity of forms. 

Recognizing the mutation of continents through past geologic 
ages, we again see the accompanying physical changes in not only 
modifying forms, but in selecting them afterward by succeeding 
changes. 

The widely-diversified nature of the facts bearing on the doc- 
trine of natural selection baffles all attempts at a systematic classi- 
fication of them. Of such a nature are many of the valuable 
communications of Prof. Wilder. 

At the meeting of this Association^ he has, among other mat- 
ters, confirmed in a young lion the discovery of Prof. Flowers that, 
in the young dog and probably in other carnivora as well, the 
Bcapho-lunar bone has at the outset three centres of ossification, 
and that these really represent the radiale, intermedium and centrcUe 
of the typical carpus. By the study of a foetal manatee. Prof. 
Wilder is able to determine its affinities, and to point out the 
probable retrograde metamorphosis of some ancient ungulate 
animal, and that the manatee is widely removed from the whales 
with which it has been associated. 

Mr. William K. Brooks ^^ has published a very remarkable paper 
on certain free swimming tunicates, the Salpa^ giving for the first 
lime a clear and comprehensive history of certain obscure points, 
and has at the same time applied the principles of natural selec- 
tion theoretically in showing the origin of Salpa from sessile tuni- 
cates, and making clear the peculiar modification of parts which 
accompany these changes. 

ft 

90 •< Proceedings of the American Association Adv. of Sci.,'' vol. zzii, p. 301. 
>o a Bulletin of Museam of Comparative Zoology," Vol. 1, p. 2dl. 
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In the field of entomology, some capital work has been done, 
both practical and theoretical. 

Prof. Riley's demonstration of the yucca-moth is unique in its way. 
Dr. Engelmann has discovered that the yucca depends upon insects 
for fertilization ; and Prof. Riley, by patient study, not only dis- 
covered the moth which fertilizes the flower, but finds an anoma- 
lous change in the maxillary palpi of the insect, by means of 
which the moth collects bundles of pollen, which it inserts into the 
Btigmatic tube, and during this peculiar act deposits her eggs in 
the young fruit. Prof. Riley has reasons to believe that this is the 
only insect engaged in the fertilization of this plant. A mutual 
dependence is here met with of extreme interest. The j^ucca, un- 
fertilized, forms no fruit, and the larva of the moth consequently 
perishes. 

Prof. Augustus R. Grote, in an examination of butterflies, finds 
successive gradation in their structures, and shows that as these 
organs " become less serviceable to the insect they become more 
rigid and in position more elevated above the head in the butterfly, 
ivhile in the moth they are more whip-like and directed forward.** 
While protesting against the separations which have been made in 
the order based upon the antennae, he directs attention " to the real 
differences in antennal structure between the butterflies and moths, 
while showing that the antennas are modified by desuetude in the 
higher and former group." Prof. Grote,3i in dealing with a family 
of moths, the NoctuiduR^ calls attention to the unequal value of 
Acronycta, and is forced to admit that these differences become 
clear through the theory of evolution. He says : " Where in Ao 
ronycta there is a general prevailing uniformity in the appearance 
in a single group of species and generall}'^ broad distinctions be- 
tween the larval forms, it i§ a not unreasonable conclusion that 
these larval differences are gradually evolved by a natural pro- 
tective law, which intensifies their characters in the direction in 
which they are serviceable to the continuance of the species." 

Those who have believed in types as fixed laws, rigidly impressed 
at the outset of life, are those also who have recognized in the cells 
of a honey-bee, as well as in the arrangement of leaves about the 
axis of a plant, a perfect mathematical adjustment of parts, which 
were stamped at the beginning, and have so continued to exist 

tx « Proceedings of the Buffalo Society of Natural Sciences," toI. i, p. 130. 
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without deviation. For nearly two hundred years it has been be- 
lieved that the instinct of a bee guided it to shape a cell which of 
all other forms should use the least amount of material. A theory 
having been established as to the constant shape of a bee's cell, 
namely, that it was an hexagonal prism with trihedral bases, each 
face of the base being a rhomb with certain definite angles, a mathe- 
matician Was given the problem to construct similar cells, and to 
determine the best possible form with the use of the least amount 
of material. The coincidence between theory and observation and 
experiment was so remarkable as to settle apparently for all time 
the question as to the perfectly-implanted instinct of the bee with 
its unconscious power of accurate work. Pi'of. Jeffries Wyman,^^ 
to whose memoir I am indebted for the above facts has, by an in- 
genious study of the cells of bees, shown first, that a cell of this 
perfection is rarely if ever attained. Furthermore, that, while the 
honey-cells " are built unequivocally in accordance with the hexag- 
onal type, they exhibit a range of variation which almost defies 
description ;" that the worker-bees, from incorrect alignment and 
other causes, build cells, the measurement of which shows the 
widest limit of variation ; that the drone-cells are liable to sul> 
stantially the same variations, while the transition-cells, namely, 
those in which drones and worker-cells are combined in the same 
piece of comb, are extremely irregular. As the drone-cells are 
one-fifth larger than worker-cells, ^^ a transition cannot be made 
without some disturbance in the regularity of the structure." And 
Prof. Wyman states distinctly that the bees do not have any sys- 
tematic method of making the change, adding that ^' the cell of the 
bee has not that strict conformity to geometrical accuracy claimed 
for it," and the assertion, like that of Lord Brougham, that there 
is in the cell of the bee " perfect agreement between theory and 
observation, in view of the analogies of Nature, is far more likely 
to be wrong than right, and his assertion in the case before us is 
certainly wrong." Prof. Wyman closes his essay by saying that 
" much en'ot would have been avoided if those who have discussed 
the structure of the bee's cell had adopted the plan followed by 
Mr. Darwin, and studied the habits of the cell-making insects com- 
paratively, beginning with the cells of the humble-bee, following 
with those of the wasps and hornets, then with those of the Mex- 

n "Proceedings of the American Academy/' yoI. yii, p. 68. 
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ican bees, and finally with those of the common hive-bee ; in this 
way the3'^ would have found that, while there is a constant approach 
to the perfect form, they would at the same time have been prepared 
for the fact that even in the cell of the hive-bee perfection is not 
reached. The isolated study of anything in Nature is a fruitful 
source of error." 

The remarkable ingenuity, so characteristic of Prof. Wy man's 
experiments, is fully shown in this memoir. He made plaster-casts 
of the comb, and then sawed transverse sections, and by slightly 
heating the plaster the wax was melted and absorbed, leaving 
the delicate interspaces representing the partitions. From these 
sections electrotypes were taken, and thus the veritable figures 
were used to illustrate the absolute structure of the comb. The 
results of these brilliant researches were published in the "Pro- 
ceedings of the American Academy of Sciences." 

In the '* Memoirs of the American Academy of Sciences " may 
be found a profound mathematical essay " On the Uses and Origin 
of the Arrangement of Leaves and Plants,"33 by the lamented 
Chauncey Wright. After discussing the laws of phyllotaxy, and 
showing that the botanist is wrong in supposing this a law at the 
outset, Mr. Wright states " one of the utilities, so to speak, in the 
apparently undeviating arrangement of leaves, to be the distribu- 
ting of leaves most rapidly and thoroughly around the stem, ex- 
posed more completely to light and air, and provided with greater 
freedom for symmetrical expansion, together with more compact 
arrangement of bud ; " and he asks, ^^ What has determined such 
an arrangement of vital forces? Theory of types would say, their 
very nature, or an ultimate creative power. Theory of adaptation 
would say, the necessity of their livejs, both outward and inward ; 
or the conditions, both past and present, of their existence. 

Whatever tends to show modification in the markings, color, size, 
food, or change in the variety of habits manifested by animals, 
furnishes just so many indications of the unstable character of 
what had before been considered stable, and gives an infinitely 
wider field for those unconscious selections whose operations are 
coincident with every change in the physical features of the earth. 
On the theory of derivation additional confirmation is given to the 
deductions of geologists based upon the stratigraphlcal and pale- 

ts II Memoirs of the American Academy,^' vol. ix, p. 879. 
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ontological evidences of the rocks. The survival of a marine 
crustacean in the deeper waters of Lake Michigan, as discovered 
by Stimpson, coupled with similar occurrences in the lakes of 
Sweden, suggests the past connection of these waters with the 
ocean. In the same way the persistence of arctic forms on high 
mountain-tops indicates the existence in past times of wide-spread 
glacial fields. The interesting discoveries of Mr. Ernest Ingersoll, 
in the Rocky Mountains, of the occurrence of two species of ma- 
rine moUusks and living crabs belonging, to marine forms, and tiny 
air-breathing mollusks peculiar to the Gulf coast and West Indies, 
point as distinctly to the past connection of that region with" the 
ocean as the records of marine life left in the rocks. And more 
than this, the survival of these few forms gives us a conception of 
the thousands of animals which have succumbed to the changed 
conditions. Connected with the evidences of recent elevation of 
this region are the discoveries of Marsh in finding that, when the 
gill-bearing salamander Siredon is brought down fi'om the colder 
waters of the Rocky Mountains to the warmer waters below, a 
complete change takes place in a loss of the gills and the conver- 
sion of the animal into the air-breathing genus Amhlystoma, 

This exhibits on a wider scale the experiments offen performed 
in keeping tadpoles in the dark and cold, and indefinitely retarding 
their development, thus forcing them, as it were, to retain their 
earlier condition. Among the many millions of individuals of 
Ambl^'^stoma, some must have presented the anomal}'' of a prema- 
ture development of their ovaries before the larval stage had 
passed away (similar cases being observed among insects), and 
thus it has been possible for them to perpetuate their kind in this 
stage. The Axolotl, having the longest persisted in this mode of 
growth, has become, as it were, almost fixed in these retrograde 
characters, only a'few examples being known in which the creatures 
have lost their gills and assumed the mature characters of Amhly- 
stoma, but with Siredon a change takes place with a proper change 
of surroundings. 

To American students we are indebted for most valuable contri- 
butions regarding the effect of cave influences on animals living 
within their boundaries. Looking at the cave fauna with its pecul- 
iar assemblage of animals, it would seem that here, at least, the 
question as to the effects of certain external infiuences, of the 
absence of others in modifying structure, might be found. 
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Many years ago the editors of "Silliman's Journal" addressed a 
letter to Prof. Agassiz respecting the blind fishes of the Mammoth 
Cave, and asked his opinion as to whether their peculiar structure 
was due to their cave life, or whether they had been specially cre- 
ated. Agassiz's^^ reply is consistent with his belief. He says, 
'^If physical circumstances ever modified organized beings, it 
should be easily ascertained here.'* He then expresses his convic- 
tion that *'they were created under the circumstances in which 
they now live, within the limits over which they range, and with 
the structural peculiarities which characterize them at the present 
day,-" adding frankly, however, that these opinions are mere infer- 
ences. 

With the contributions on cave insects by the eminent zoologist 
Schiodte, and our own naturalists as well, we have now over- 
whelming proof that the blind fishes and numerous other cave ani- 
mals are marked with peculiarities impressed upon them by the 
unusual environments to which they have been subjected. 

In a work on the animals of the Mammoth Cave, by Dr. A. S. 
Packard and Mr. Putnam, the first-named writer quotes the re- 
sults of Schiodte, wherein he shows the existence of twilight ani- 
mals in which but slight modification occurs, while in darker 
places the changes become more profound. 

Dr. Packard 35 sums up the results of his work as follows : " We 
then see that these cave animals are modified in various ways, 
some being blind, others very hairy, others with long appendages ; 
all are not modified in the same way In homologous organs, an- 
other argument in proof of their descent from ancestors whose 
habits varied as their out-of-door allies do at present." 

Prof. E. D. Cope,3^ in an article on the fauna of Wyandotte 
Cave, in commenting on the loss of eyes in cave animals from 
absence of light, and consequent disuse, says that, to prove it, '^we 
need only to establish two or three propositions: 1. That there are 
eyed genera corresponding closely in other general characters with 
the blind ones. 2. The condition of the visual organs is in some 
cave type variable. 3. If the abortion of the visual organs can be 
shown to take place coincidently with general growth to maturity, 
an important point is gained in explanation of the modus operandi 

• »*" American Journal of Science," second series, toI. xl, p. 128. 
«« « Life in the Mammoth Cave," p, 27. 
M«< Amerioan Naturalist," vol. vi, p. 416. 



VICE PRESIDENT MORSE. 159 

of the process." He then proceeds to point out a number of re- 
lated genera in which the external* ones present eyes, while the 
cave forms are blind. As to variability, he cites the blind siluroid 
"^ fish from Conestoga, Pennsylvania, showing that, while all of sev- 
eral specimens were blind, the degree of atrophy was marked not 
only in different fishes, but even on different sides of the same fish. 
In some the corium was perforate, in others it was imperforate. In 
some the ball of the eye was oval, in others collapsed. • 

We have in the meagre fauna of the caves convincing proof of 
the gradual undoing of parts — so to speak — on the withdrawal 
of influences favorable to them ; even so exquisite a structure 
as the eye as a result of selection almost inconceivable, yet not 
onlj^ becoming rudimentary, but almost disappearing, by the with- 
drawal of those influences which were in part conducive to its 
building up. So distinct are these undoing stages that, were we 
' sure of the stable variability of all of them, we could with cer- 
tainty indicate the relative age of each cave inhabitant. 

Prof. Alpheus Hyatt and Prof. E. D. Cope almost simultaneously 
established a number of propositions relating to certain large 
groups of animals which had never been recognized before. The 
theory of acceleration and retardation in which certain groups 
acquire rapidly new characters, while corresponding groups acquire 
the same characters more slowly, forms a portion of the theory of 
these naturalists. Prof. Hyatt has shown among Ammonites a 
parallel between the life-stages of the individual and similar stages 
in the group based upon an examination of suites of specimens as 
studied by him in Europe and America. It is utterly impossible 
to do the slightest justice to the thoroughly original views of these 
gentlemen without the aid of explanatory diagrams. While re- 
luctantly abandoning the attempt, I must at the same time express 
the regret that neither of these investigators has seen flt to present 
to the public an illustrated and simple outline of the main features 
of their theories and the facts : Prof. Cope basing in part his 
propositions on groups of animals, many of which comprise fossil 
forms brought to light in the West, of which but few restorations 
have yet been made ; and Prof. Hyatt basing his work on fossil 
Ammonites from the Jurassic and adjacent beds of Europe, of 
which but one complete collection is to be found in this country. 

Surely, with this unfamiliar material, an excuse may be offered 
in not attempting a popular presentation of propositions and laws. 
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some doctrinal and others theoretical, which must yet be looked 
npon as profound and permanent additions to the philosophy of 
evolution. A reference may be made to Prof. Cope's essays, 
entitled "Origin of. Genera," "On the method of Creation of 
Organic Types," " Consciousness in Evolution," " On the Theory 
of Evolution," and numerous other memoirs from which may be 
gathered the author's views on the subject. The essays of Prof. 
Hyatt, " On the Parallelism between the Different Stages of Life 
in the Individual and those in the Entire Group of the MoUuscan 
Order Tetrabranchiata," " Reversions among Ammonites," Evolu- 
tion of the ArietidflB," " Genetic Relations of the Angulatidae,** 
" Abstract of a Memoir on the Biological Relations Of the Ju- 
rassic Ammonites," are altogether too technical to condense into 
an address of this nature. It need hardl}' be mentioned that in 
these memoirs invaluable contributions are made to the doctrines 
of natural selections. 

And now we come to the most difficult part of our work ; to 
compass within the limits of a few pages the magnificent discov- 
eries of Leidy, Marsh, and Cope, in the rich fossiliferous beds of 
the West. The wonders are so unique and varied ; they have 
been poured upon us with such prodigality of material and illus- 
tration, that one is baffled in an attempt to compass their charac- 
ters, or to picttire them as realities. When Darwin offered the 
imperfection of the geological record as possibly accounting for 
the absence of intermediate forms which might have existed, he 
was at once met by a series of protests so strenuous, and at the 
same time so specious, that they had their full weight in staying 
the force of that prophetic chapter. Darwin, in this chapter, dis- 
tinctly stated that not only were there forms which had never yet 
been seen, owing to the imperfection of the geological record, but 
that time might possibly bring them to light, and, when discov- 
ered, we should have revealed to us intermediate characters which 
would connect widely-separated groups as they are recognized 
to-day. 

Behold the prophet! Animals have been discovered, not only 
showing the characters of two widely-separated groups, but in 
some cases of three groups as they now appear. How distinct 
the hoofed quadrupeds, the carnivora, and the rodents, appear to- 
day ! Yet here are discovered ancestors of these widely-separate 
groups, in which are contained in one individual the characters of 
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all three ! Of the ungulates with the perissodactyle foot, there 
have h^en discovered a large number of tapiroid forms allied to 
Paleotherium ; others which, like Anchitherium, wonderfully fill 
the gap between the horse and forms lower down ; a large suite of 
rhinocerotic creatures of strange character and enormous size ; a 
great number of species of three-toed horse, some no larger than 
foxes, and with these a perplexing maze of deer, antelopes, sheep, 
camels, hippopotami, and pig-like animals, ruminant-like beasts, 
some of them not larger than an ordinary squirrel : a curious 
group, comprising a large number of species with characters in- 
termediate between the pigs and ruminants. Prof. Flower, the 
great English osteologist, confesses that these forms completely 
break down the line of demarkation between them, and adds that 
" a gradual modification can be traced in the^ characters of the 
animals of this gi'oup, corresponding with their chronological posi- 
tion, from the earlier more generalized to the latest comparatively 
specialized forms, thus affording one of the most complete pieces 
of evidence that are known in favor of a progressive alteration of 
form, not only of specific, but even of generic importance through 
advancing ages." The probable home of the Camelidse has been 
revealed in the discovery of llama-like creatures, gigantic mam- 
mals, in some cases exceeding the elephant in size, but with a 
diversity of characters hitherto unseen either in recent or fossil 
forms, combining as they did the characters of perissodactj'^le and 
proboscidian. 

A numberless variety of Carnivora, many of them embracing 
the most generalized groups, have been brought to light, such as 
creatures between the wolf and the opossum, generalized dogs, 
and sabre-toothed cats. 

A great many species belonging to the Rodentia, Insectivora, 
and Chiroptera, have been identified ; still more wonderful is a 
group of creatures so unlike any beast heretofore known that Prof. 
Marsh has made a new order to include them under the name 
of Tillodontia. They combine the characters of several distinct 
groups, namely, the carnivores, ungulates', and rodents, and some 
of them in size equalling the tapir. Of great interest also' is the 
discovery of fifteen new genera, belonging to low forms of pri- 
mates. All of these creatures, embracing hundreds of species, are 
generalized in a high degree. New orders have been erected to 
embrace some of them. One has only to understand, the Bpecial- 
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ization of modern animals to appreciate the generalized character 
of these early forms. 

Prof. Marsh has shown that all the ungulates in the Eocene and 
Miocene had ui>per and lower incisors ; and, again, that all the 
Eocene and Miocene mammals, including the Carnivora, had two 
of the wdst-bones, the scaphoid and lunar, as distinct bones. 

The class of birds so long represented as a closed type can no 
longer occupy that isolated position. The proper interpretation 
of Archseopteryx has, in the discoveries of Marsh, new interest. 
He has discovered a number of species of birds, for which a new 
sub-class is made. This sub-class will embrace two sub-orders, 
one in which the creatures had teeth contained in grooves in the 
jaws ; the other had true teeth in sockets. The first were swim- 
ming-birds of gigantic size, with rudimentary wings ; the second 
embraced small birds, with powerful wings and bi-concave ver- 
tebrae. 

Prof. Cope has also brought to light a remarkable gigantic bird 
from the Eocene of New Mexico ; its size indicates a species with 
feet twice as large as those of the ostrich. He shows it to be 
distinct from any of the genera of Struthionidce or Dinomithtdce, 
Besides all these wonders, a host of new forms of reptiles and 
fishes have been discovered by these indefatigable explorers — huge 
pterosauria diseover-ed by Marsh with a spread of wing of twenty- 
four feet ; and of more special interest is the fact that no trace of 
teeth can be found in the jaws. 

It is impossible for me to more than allude to these remarkable 
additions to our knowledge of these early forms, and until they 
have all been figured with natural outlines, and perplexing ques- 
tions as to priority in discovery rectified, it will be difficult in 
some cases to accredit individual work. Bat in the light of these 
profound revelations, how blind seem the attempts to establish a 
classification on the forms heretofore familiar to us, and to rear 
these into circumscribed groups between which it was asserted no 
forms of intermediate kinds wefre to he expected ! With the 
twenty-five or thirty species of fossil horses at our command, some 
with four toes, others with three, in v-arious stages of reduction, 
it is interesting to bring back to mind the earnest Geoff*roy St. 
Hilaire painfully endeavoring to trace the genealogy of the horse, 
with a few widely-separated forms of extinct mammals iis his only 
guiae in the work. 
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The special investigations of Marsh and Leidy reveal an almost 
unbroken line from our present horse with its simple toe, and two 
rudimentary metatarsals in the shape of the splint-bones, to a 
creature in which metatarsals support rudimentary toes, and still 
other forms in which these rudimentary toes are working-toes, and 
below that again another form in which a fourth toe is seen as a 
rudiment, till forms are reached in which all the toes rest on the 
ground. It is still more striking to study attentively those earlier 
generalized horses with four toes, and follow the successive reduc- 
tion in the number of toes as the later formations are reached, till 
in the latest deposits and at present we have the modern special- 
ized horse witli but a single toe, the lost toes represented by two 
slender bones hidden beneath the flesh. And now comes crowning 
proof that our modern horse has been derived from some three- 
toed progenitor, for in certain instances horses have come into 
existence with splint bones developed into sturdy bones sustaining 
at the extremities phalangeal bones, and outside accessory hoofs ! 
Such freaks of Nature demand an explanation. They receive a 
rational one through tlie theories of Darwin. Without the law of 
reversion, we are left in blind bewilderment. 

While all these facts, in overwhelming array, testify to the ex- 
treme mutability of forms, induced oftentimes by apparently the 
most trivial of causes, and set at rest the question as to the fixed- 
ness of species, they show at the same time the richness of that 
store from which, by natural selection, forms may be selected. 

Realizing the uniformity of Nature*s laws, the human mind 
bravely asks, "Do these wonderful interpretations throw any light 
upon the origin of man?'* 

Rigidly adhering to the inductive method, science is prepared to 
show that man did not appear suddenly and free from those animal 
proclivities and passions which make him a sinful creature, but 
that he has risen from a lowly origin, and his passiQus and desires, 
but feebly repressed, may be as surely traced to ancestral traits, 
as the aberrant muscles in his structure may be recognized in some 
degraded progenitor. And in proof of this there is established a 
series of facts of precisely the same nature as is seen in those dis- 
coveries which link the horse in an almost unbroken line to earlier 
and more generalized animals. 

It is instructive to read the discussions in relation to man's posi- 
tion in Nature a^ represented by Agassiz, Morton, and others. 
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The position that these eminent men were justified in taking 
shocked the Church, and received from her the same vigorous de- 
nunciations that Darwin was forced to bear at a later day. 

The systematist, in formulating the separate speqies and genera 
of the apes and monkeys, was early led to see that man also in 
various parts of the worid presented differences quite as striking, 
and if it were assumed, as indeed it was, that the peculiarities 
among men were only varietal, then it could be claimed with equal 
emphasis that the differences among apes were only varietal. 
Agassiz, in his keen grasp of things, readily saw this, and, since 
the races of men revealed differences just as specific in their char- 
acters as the animals immediately below them, he was forced to 
admit the plurality of origin of the human race. He says : 

"Unless we recognize the differences among men, and we recog- 
nize the identity of these differences with the differences which 
exist among animals, we are not true to our subject, and, what- 
ever be the origin of these differences, they are of some account ; 
and if it ever is proved that all men have a common origin, then 
it will be at the same time proved that all monkeys have a common 
origin, and it will by the same evidence be proved that man and 
monkeys cannot have a different origin." 

He confesses that he "saw the time coming when the position of 
the origin of man would be mixed up with the question of the ori- 
gin of animals, and a communit}' of origin might be affirmed for 
them all." With these convictions it is not surprising that he 
should have been led to express the opinions regarding the diver- 
sity of the hutnan race that we find recorded. 

Agassiz, in the meetings of the American Academy, repeatedly 
and in various ways illustrated the diversity of the human race. 
In one place he alludes to the difficulty in defining the species of 
man, and says the same difficulties occur in defining the species of 
anthropoid apes. We quote from tlie records : 

"The languages of different races of men were neither more 
different nor more similar than the sounds characteristic of animals 
of the same genus ; and their analogy can no more be fully ac- 
counted for on any hypothesis of transmission or tradition than in 
the case of birds of tlie same genus uttering similar notes in 
Europe and America." — ("Proceedings of the American Academy," 
vol. iii, p. 6.) 

Again, in a later volume, he expresses a general disbelief in the 
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supposed derivation of later languages from earlier ones. He re- 
garded each language and each race as substantially primordial, 
and ascribed their resemblances to a similarity in the mental 
organization of the races. 

This extract illustrates the extremit}' to which one is logically 
driven if he accepts the hypothesis of special creation, and these 
words are quoted, not with the belief that at the present time they 
would have been uttered, but as illustrating the necessary admis- 
sions with the theory of plurality of origin. In precisely the same 
manner that Whftney, Miiller, and other eminent philologists, have 
shown the outgrowth of present existing languages from primitive 
forms of language, so science is prepared to show the outgrowth 
of present men from primitive forms of animals. Agassiz was 
bitterly assailed by the Church for the bold attitude he assumed 
regarding the plurality of origin of the human race, though now 
that science will show that after all man has originated from a 
common centre, it seems no better satisfied. 

The facts bearing on man's lowly origin have been fully con- 
tributed by American students, and, as all intelligent men under- 
stand the bearing of these facts on the question, it is only 
necessary to allude to them here. If man has really been derived 
from an ancestor in common with the ape, we must expect to 
show: — 1. That in his earlier stages he recalls certain persistent 
characters in the apes ; 2. That the more ancient man will reveal 
more ape- like features than the present existing man ; and, 3. 
That certain characteristics pertaining to early men still persist 
in the inferior races of men. 

Prof. Wyman37 points out certain resemblances between the 
limbs of the human embryo and the permanent condition of the 
limbs of lower animals. In some human embryos about an inch 
in length he found that the great toe was shorter than the others, 
and, instead of being parallel to them, projected at an angle from 
the side of the foot, thus corresponding with the permanent condi- 
tion of this part in" the Quadrumana. 

In some observations made on the skeleton of a Hottentot, Prof. 
Wyman^s calls attention to the complete ossification of the nasal 
bones, no trace of a suture remaining. This was more noticeable 
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as the individual was young, and the other bones were immature, 
and had an interest ^^ in connection with the fact that the nasal 
bones are coossified at an early period in the monkeys and before 
the completion of the first dentition in gorillas and chimpanzees." 
Careful measurements of the pelvis also revealed quadrumanoo^i 
features, though ^^the resemblance is trifling in comparison with 
the differences." 

In a study of the crania, Wyman^^ found differences in the rela- 
tive position of the foramen magnum. In the North American 
Indian this opening was farther back than in the negro, while some 
crania from Kauai presented this opening still farther back than 
in the Indian ; and more than half the lot from Kauai had the 
peculiarity in the nostrils first pointed out in the negro by Dr. 
John Neil, of Philadelphia, namely, the deficiency of the sharp 
ridge which forms the lower border of the opening. In its place 
is a rounded border, or an inclined plane. 

This feature occurs very frequently in different races, but more 
rarely in Europeans. It is, however, never absent in the apes. 
Prof. Wyman, in studying the characters of certain ancient crania 
from a burial-place near Shell Mound, Florida, observed the/ora- 
m€7i magnum quite far back, and remarks on the massive charac- 
ter of the bones composing the skull, the parietal being nearly 
twice the thickness of ordinary parietals, while the general rough- 
ness of the surfaces for muscular attachments on the hinder part 
of the head is very striking.'*^ 

In certain measurements of synostotic crania. Prof. Wyman 
found that the length of the parietals was twenty-four millimetres 
above the average, the parietals being lengthened from before back- 
ward, the frontal and occipital being but slightly'' augmented. 
Now, in the much-discussed Neanderthal skull, wherein it is urged 
by Dr. Davis that it is a synostotic skull, though denied by Huxley, 
W3^man shows that the parietals measure nine millimetres below 
the average, which is certainly against the view that the Neander- 
thal skull is synostotic*^ 

In an essay entitled ''Observations on Crania and Other Parts 
of the Skeleton," Prof. Wyman shows that the relative capacity of 
the skull ''is to be considered merely as an anatomical and not as 

89 «« Proceedings of the Boston Society of Natural History," vol. xi, p. 447. 

40 <> Fourth Annual Report of the Peabody Museum of Arch, and £thn.,'' Cambridge. 

41 « Proceedings of the Boston Society of Natural History,'' vol. xi, p. 455. 
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a physiological characteristic,"'*^ a most important distinction cer- 
tainly^in considering the large capacity of certain ancient skulls, 
since we must know the quality as wfell as the quantity in order to 
• assume the intellectual position of the races. In this essay are 
also quoted the results of a large series of measurements made by 
Dr. B. A. Gould, in which it is shown that the arms of the blacks 
are relatively longer as compared with the whites, in this respect 
approaching the higher animals, a confirmation of the observations 
made b}'^ Broca, Pruner Bey, Lawrence, and others. 

The perforation of the humerus, which occurs in the apes quite 
generally, was found to occur rarely in the white race. Of fifty 
humeri, Wyman found but two perforated, while of Indian humeri 
he found thirty-one per cent, perforated. In some of the remains 
of ancient men there has been found a remarkable lateral flattening 
of the tibia, unlike anything found at present, but always charac- 
teristic of the earliest races. These tibicB have received the natne 
of platycnemic tibiae. 

Wyman^3 quotes Broca as saying that the measurements of these 
tibise resemble the ape, and, what is more striking, in a small 
number of instances " the bone is bent and is strongly convex 
forward, and its angles so rounded as to present the nearly oval 
section seen in the apes." The occurrence of these platycnemic 
tibiae has been noticed by several investigators. They have been 
obtained from the mounds of Kentucky by Mr. Carr, Mr. Lj^on, 
and Mr. Putnam. Prof. Wyman found them in Florida mounds. 
To Mr. Henry Gillman, of Detroit, science is indebted for the dis- 
covery of the flattest tibiae ever recorded, exceeding even those 
discovered in Europe. Mr. Gillman has opened a number of 
mounds along the Detroit and Rouge Rivers in Michigan, and as- 
siduously studied the characters of these remains, which indicate 
a very ancient race of men. Many of these tibiae he has sent to 
the Peabody Archaeological Museum at Cambridge. Associated 
with these remarkable tibiae he found large numbers of perforated 
humeri. 

At the Detroit meeting of the Association, Prof. W. S. Barnard 
showed that the muscles which move the fingers and toes have been 
developed from one common muscle, and, in studying the various 
degrees of specialization of the muscles which move the hand and 

** " Fouith Annual Report of the Peabody Museum of Arch, and Ethn.^ 
« Ibid. 
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foot in the gorilla and lower apes, he finds that in the foot ^' man 
remains a creature, of the past not modified by that which makes 
him a man, the brain. The hand has been modified and perfected 
by its services to the brain." Prof. Barnard also contributed 
another essay, entitled " Comparative Myology of Man and Apes." 
From very careful studies he is led to believe that the relative po- 
sition of the origin of the muscles is more constant than that of 
their insertions. In this examination he brings to light a muscle 
which Traill dissected in the higher apes, and which he called the 
scansorius, and this was supposed to have no representative in man. 

Traill was followed by Wyman, Owen, Wilder, and £isch()ff, 
who, in a controversy with Huxley, argued from this muscle against 
the simian origin of man. Mr. Barnard now shows that Traill 
was mistaken, and that other naturalists were misled by the weight 
of his authority. What Traill interpreted as the gluteus minimus 
is the pyriformisj and what he figured as a new muscle separating 
the apes from man, the scansorious is the homologue of our gluteus 
minimus. 

From gradually accumulating data, in regard to microcephalic 
skulls, it would seem as if Carl Vogt was right in judging them 
to be cases of reversion. Prof. Wyman says, in regard to a micro- 
cephalic skull from Mauritius, that, '^ taking together the high 
temporal ridges, the union of the temporals with the frontals, the 
projection of the jaws, the narrow and retreating forehead, the 
small capacity, and the form and proportions of the nasal open- 
ings, the general resemblance to that of an ape is most striking, 
and seems to justify Vogt's expression of a man-ape, it being 
understood that the skull we are describing is not a natural, but 
an anomalous formation."^* 

It would be difficult to imagine, indeed, that mere reduction in 
the size of the brain, through arrest of development, should pro- 
duce a series of characters so closely resembling the apes as is 
found to be the" case in so many widel3''-separated examples. Thus, 
in the Mauritius microcephalic skull the capacity is only twenty- 
five cubic inches. The jaws, are extremely prognathous, the zygo- 
matic arches stand out wide and free, and the temporal ridges 
approach within one and a quarter inch. If such examples should 
prove to be veritable cases of reversion, then we have a parallel 
in the startling appearance of the long-lost rudimentary toes of 

** " Seventh Annual Report of the Peabody Museum of Arch, and Ethn." 
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the horse, traces of which are only seen in the hidden splint- 
bones. In the " Seventh Annual Report of the Peabody Museum," 
Prof. Wyman describes a microcephalic skull from the ancient 
huacas of Peru. Its capacity is only thirty-three cubic inches ; 
^' the frontal bone is much slanted backward, has a decided ridge 
corresponding to the frontal suture, and is slightly concave on 
each side of it." 

Wyman states that the bones of the head are well formed, though, 
from the diminutive size of the brain, idiocy must have existed. 

Associated with the remarkable collection of platycnemic tibiae 
and perforated humeri discovered by Henry Gillman, we should 
have expected some anomalous forms of crania, and in this expec- 
tation we are not disappointed. 

In company with two skulls which appear to be normal, Mr. 
Gillman discovered one of most remarkable proportions. Wyman 
considered it a case of extreme individual variation, and not the 
result of artificial deformity. The skull in question has only a ca- 
pacity of fifty-six cubic inches. The average capacity of Indian 
crania, according to Morton's measurements, being eighty-four 
cubic inches, and the minimum capacity being sixty-nine cubic 
inches. This skull of Gillman's is therefore thirteen cubic inches 
less than the smallest Indian skull heretofore described. But more 
extraordinary still is the approximation of the temporal ridges. 
While in ordinary crania the separation of these ridges is usually 
from three to four inches, and never less than two inches, in this 
unique skull from the Detroit River mound the ridges in question 
approach within three-quarters of an inch ; in this respect, as Wy- 
man says, presenting the same condition as that of the chimpanzee. 
A rounded median crest can be distinctly seen and felt between 
these ridges, and the skull is markedly depressed on each side for 
the passage of the powerful mastoid muscles. 

Is this, too, a case of partial reversion? Such extraordinary 
forms as the Neanderthal and Engis skulls, and the one above 
cited, with the La Naulette and other lower jaws, could not have 
been uncommon in those early days, since the chances against 
finding them would, be simply enormous, unless, indeed, they were 
of common occurrence. Regarding these remains as we do those 
of the remains of other mammals, we must admit either that these 
low characters represent retention of ancestral peculiarities, or that 
they are cases of reversion. In considering the Neanderthal skull. 
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with its retreating frontal, its enormous frontal crest, and other 
anthropoid characters, Huxley is led to say that at most there is 
" demonstrated the existence of a man whose skull may be said 
to revert somewhat toward the pithecoid type." 

To a mind unbiased by preconceived opinions, and frankly will- 
ing to interpret the facts as they stand revealed by the study of 
these ancient remains the world over, the evidences of man's lowly 
origin seems, indeed, overwhelming. 

Looking at the whole question impartially, we find that among 
recent men there are high types as well as low types, with a vari- 
ation so great as to have induced Agassiz, Morton, and others, to 
consider them specific. And while, as Wyman asserts, no one 
race possesses all the low characters, j^et with the relatively long 
arms, the tendency of the pelvis to depart from the normal pro- 
portion, and numerous other facts of like significance, there are 
yet retained among some of them more resemblance to the higher 
apes than can be found among others. 

Prof. Cope, not content with tracing man back to some ape-like 
progenitor, has, in a suggestive way, considered man's relations 
to the Tertiaiy mammalia. In a communication to the Association 
at Detroit, on this subject, he prefaced his paper by saying that in 
the doctrine of evolution two propositions must be established : 
1. That a relation of orderly succession of structure exists, which 
corresponds with a succession in time ; 2. That the terms (spe- 
cies, genera, etc.) of this succession actually display transitions 
or connections by intermediate forms, whether observed to arise 
in descent, or to be of such varietal character as to admit of no 
other explanation of their origin." He shows that the primary 
forms of mammalia are strongly indicated in the structure of the 
feet, and also in the character of the teeth. In recent land-mam- 
mals there are several types of foot to be recognized, the many- 
toed plantigrade, the carnivorous, the ox, and the horse types. 
Among the earlier types of the Eocene, he finds the most gener- 
alized tj'^pe in the Coryphodon of Owen (Bathmodon of Cope). 
This creature was plantigrade, with a short calcaneum, and an im- 
perfect hinge for the foot. From this generalized form he traces 
a line of succession of intermediate forms to the horse on the one 
hand, and the ox on the other. 

The Corj^phodon was one of the earliest known mammals, while 
the horse and the ox preceded man by a single geological period. 
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Without entering into a technical description of the successive 
forms presented by Prof. Cope, we may quote his words wherein 
he shows that " the mammals of the Lower Eocene exhibit a greater 
percentage of types that walk on the soles of their feet, while the 
successive periods exhibit an increasing number of those that walk 
on the toes ; while the hoofed animals and Carnivora of recent 
tim^s nearly all have the heel high in the air, the principal ex- 
ceptions being the elephant and bear families." After presenting 
the gradual osteological changes of the foot, from the earlier types 
to the later ones, through several lines of descent, and consider- 
ing also the teeth as well, he says : "The relation of man to this 
history is highly interesting. Thus, in all generalized points, his 
limbs are those of the primitive type, so common in the Eocene. 
He is plantigrade, has five toes, separated tarsals and carpals, 
'short heel, rather flat astragalus, and neither hoofs nor claws, but 
something between the two ; the bones of the forearm and leg are 
not so unequal as in the higher types, and remain entirely distinct 
from each other, and the ankle-joint is not so perfect as in many 
of them. In his teeth his character is thoroughly primitive. . . . 

" His structural superiority consists solely in the complexity and 
size of his brain. A very important lesson is derived from these 
and kindred facts. The monkeys were anticipated in the greater 
fields of the world's activity by more powerful rivals. The an- 
cestors of the ungulates held the fields and the swamps, and the 
Carnivora, driven by hunger, learned the arts and cruelties of the 
chase. The weaker ancestors of the Quadrumana possessed neither 
speed nor weapons of offense and defense, and nothing but an 
arboreal life was left them, where they developed the prehensile 
powers of the feet. Their digestive system unspecialized, their 
food various, their life the price of ceaseless vigilance, no wonder 
that their inquisitiveness and wakefulness were stimulated and 
developed, which is the condition of progressive intelligence" — 
adding that " the race has not been to the swift, nor the battle to 
the strong." Prof. Cope shows in this case that " the survival of 
the fittest has been the survival of the most intelligent, and nat- 
ural selection proves to be, in its highest animal phase, intelligent 
selection." 

Prof. Fiske has, in a clearer way, shown that when variations 
in intelligence became more important than variations in phj^sical 
structure, then they were seized upon, to the relative exclusion of 
the latter. 
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It is intelligent strength, other things being equal, that conqners 
the savage, and the gradual selection of the best and biggest brains 
is not seen alone in man. 

In one of the most significant discoveries of Prof. Marsh, the 
mammalia are found to show an increase in the size of the brain 
coincident with their succession in the rocks. 

One of the most extraordinary mammals from the Tertiary beds 
of the West is the Dinoceras, with its rhinoceros and elephant char- 
acters, its skull ornamented with prominent tubercles, its unique 
dentition, embracing large cutting tusks, and altogether forming a 
beast like the fabled monsters of old. 

A study of its cranial cavity, made by Prof. Marsh, shows that 
its brain was proportionally smaller than that of any other known 
mammal. Indeed, it was almost reptilian, and of such diminutive 
size that it could have been drawn through the neural canal of all 
the presacral vertebrae. Prof. Marsh has followed up this discov- 
ery with the most important results, and is now prepared to state 
the following conclusions : 

1 . That all the Tertiary mammals had small brains. 

2. There is an increase in the size of the brain during this period. 

3. This increase was mainly confined to the cerebral hemispheres 
or higher portion of the brain. 

4. In some groups the convolutions of the brain have gradually 
become more complicated. 

5. In some the cerebellum and olfactory lobes have even dimin- 
ished in size. 

He also finds* some evidence that the same general law holds 
good for birds and reptiles from the Cretaceous to the present 
time.45 

Thus we have in other gi'oups, as well as man, convincing proof 
that, with successive survival of forms, there is a corresponding 
survival of larger brains. 

Prof. Shaler^^ has offered some suggestive thoughts in showing 
the intense selective action which mu3t have taken place in the 
shape and character of the pelvis in man, on his assumption of the 
erect position — the caudal vertebrae turning inward; the lower 
portion of the pelvis drawing together to hold the viscera, which 
had before rested on the elastic abdominal walls ; the attending 

*» "American /oarnal of Science," vol. xii, July, 1876. 

M «i>roceedIngs of the Boston Society- of Natural History,'' vol. xv, p. 188. 
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difficnlties of partnrition, and other troubles in those parts — all 
poiuting to the change which has taken place. 

In this connection Prof. Shaler remarks that the question of 
labor in woman most not be overlooked ft'om this standpoint. 

In a memoir on the shell-heaps of Florida, by Prof. Wyman, 
wherein he describes a numlx»r of low characters in man alivady 
allnded to, he gives the following conclusions : " The steady prog- 
ress of discovery justifies the inference that man In the earlier 
periods of his existence, of which we have any knowledge, was at 
most a savage, enjo^'ing the advantage of a few nide inventions. 
According to the theory^ of evolution, which has the merit of being 
based upon, and not inconsistent with, the observed analogies and 
processes of Nature, he must have gone thi'ough a period, when 
he was passing out of the animal into the human state, when he 
was not 3'et provided with tools of any sort, and when lie lived 
the life of a brute."^' 

These wonls have no obscure utternnce, and when we regard 
the character of the one who wrote them, his cautious methods of 
research, and the long deliberation he was wont to give to all snrh 
questions, then they become doubly sign I Octant. 

Recognizing clearly the existence of these lower and enillrr 
stages in man, it has been one of the most dilTliMilt proliletns to 
solve the first steps toward his society and fiimlly relations. Prof. 
John Fiske, in his "Outlines of Cosmic Philosophy/* Inis given 
for the first time a rational explanation of the origin and persist- 
ence of family relations, and thence communal relations, and, 
finally, societ}'. 

Never before has there l>een presented so clear an Idea of man's 
physical changes, and the effects of natural 8ele('tion In sei;:lng 
upon attendant or correlated nervous changes, as In the work of 
this aothor. 

Prof. Fi.'^ke says : '• Civilization originated when in the hiijliest 
mammals variations in Intel! iocence l>eeame so mneh more ifnp<irt- 
ant than variations in physical strnetnre that they beirnn to bo 
seizcfl upon by natural selection, to the relative exclusion of the 
latter/'** 

Starting from the researches of Sir Henry Maine, Ltibbf»ek, and 
others, he finds social evohition must have originate<l aftor fnini- 

^ •* 3f«»Tiio!p^ rtf th« Peah'^^lv Ar.?r|^my of '^'ionrc/' vol. i, pari iv. 
••Fwke's '* Co-mic Philosophy,'' vol. ii, p. 310. 
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lies temporarily organized among the higher mammals had become 
permanently organized. But how this step was effected has been 
an insoluble problem. Bagehot, in his remarkable work on 
" Physics and Politics," says : " It is almost beyond imagination 
how man, as we know man, could by anj'^ sort of process have 
gained this step in civilization." Darwin supposes that men were 
originally weak and inoffensive creatures, like the chimpanzee, and 
were compelled to band together to make up in combined strength 
what they lacked as individuals. 

That man, for his age, is a weak animal physically, there can be 
no doubt. Fiske shows that " increase of intelligence in complex- 
ity and speciality involves a lengthening of the period during 
which the nervous connections involved in ordinary adjustments 
are becoming organized." From these conditions arose the phen- 
omena of infancy, and he shows that with increase of intelligence 
infancy becomes 'longer. In the human race it is longer than in 
any other mammal, and much longer in civilized man than in the 
savage. 

In the orang-outang the infant does not begin to walk till it is a 
month old, and in performing this act it holds to various objects 
for support, as in the human infant. Previous to that time it re- 
poses on its back, and becomes absorbed in gazing at its hands 
and feet- Now, still lower down among the monkey's, at the age 
of one month the young are fully matured so far as walking and 
prehension are concerned. It is shown, furthermore, that where 
infancy is very short, parental feeling may be intense for a while, 
but soon dies out, and the offspring of one becomes of no greater 
interest than those of a stranger, '' and in general the duration of 
the feelings which insure the protection of the offspring is deter- 
mined by the duration of the infancy 

'^ Hence if long infancies could have suddenly come into exist- 
ence among a primitive race of ape-like men, the race would have 
quickly perished from Inadequate persistence of parental affection." 
Prof. Fiske, in a most reasonable way, shows that " the prolonged 
helplessness of the offspring must keep the parents together for 
longer and longer periods in successive epochs ; and when at 
last the association is so long kept up that the older children are 
growing mature while the younger ones still need protection, the 
family relations begin to become permanent. The parents have 
lived so long in company that to seek new companionships in- 
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Tolves some disturbance of ingrained habits, and moanwhilo \\\^ 
older sons are more likely to continue tlicir ori|^innl a^Hooltition 
with each other than to establisli associations with strangcrM^ nhtoc 
they have common objects to acliieve, and common cnmilion bc» 
qneathed, inherited or acquired with nciglilmring famtUos.** 

In his chapter on the moral genesis of man Fiske malntahm that 
" the prolongation of human infancy accompanying the dcvolop- 
ment of intelligence, and the correlative cxtcnHJon ot pnn>ntnl 
feeling, are facts established by IdfRservation wlierovpr obMiM'viUlon 
is possible ; and to maintain that the correlation of tlicHO phen- 
omena was kept up during an epoch which is hidden fron) olmiM'vn- 
tion, and can only be known by inference, is to make a gcnnino 
induction, involving no other assumption than that the opera tloui 
of Nature are uniform. To him who is still capable of believing 
that the humali race was created by miracle In a HJngle day, with 
all its attributes, physical and psychical, compounded and propor- 
tioned, just as they now are, the present incjuiry is of courMc de- 
void of significance. But for the evolutionirtt there would f»eem 
to be no alternative but to accept, when once propounded, the 
present series of inferences." 

Recalling now the various evidences educed by Wyman, Gill- 
man, and others, regarding the anomalous characters of Dh; re- 
mains of primitive man, it seems impoHHible that a mind unbin^^d 
by preconceived opinion should be able to resist the convi(dion 
as to man's lowly origin. 

If we take into account the rapidly-accumulating data of Kiiro- 
pean naturalists concerning primitive man, with the masH of «?vj- 
dence presented in these notes, we find an array of fa<'tH whir;h 
irresistibly point to a common origin with animals dire^rtly b^low 
us, and these evidences are found in the mas^^ivc skulls wilti coar^ 
ridges for muscular attachments, the rounding of tlic bane of the 
nostrils, the early ossification of the nanal bones, the nmnW crsiutni 
capacity in certain forms, tlie promineficc of the frontal <'rf'H, 
the posterior position of the foramen mngrurrn^ the approxiiiiafion 
of the temporal ridges, the lateral flattening of the tfbla, the 
perforation of the humerus, the tenrlency of the p^'lvi^ to d 4' part 
from its usual pro|K>rtions, and, ass<K'iatcd with all thf"^^'* a rndf> 
ness of ^mlture and the evidence of the tnanifeftiatfofi of the 
coarsest in||iH|HMfl^]iKist be blind indeed who cannot recog- 
nize the ^^^^^^^^■M|U[e and suggeaiiire modificfliions. Bu 
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what application are we to make of such revelations if we vividly 
receive them as such ? We are no longer to rest with the blind 
fatalism of the Turks, or listless resignation of the masses, but 
are to make a living use of them. We are to trace evil and cor- 
rupt passions to their source. The dreadful outrages which shock 
us from time to time in the public prints are not instigated by an 
evil spirit, but are outbursts of the same savage nature which 
found more frequent expression years ago, and which are still 
present with the lower races of to-day. When the study of hered- 
ity reveals the fact that even the nature of vagabondage is perpet- 
uated ; when the surprising revelations of Margaret, motlier of 
criminals, from whose loins nearly a thousand criminals have thus 
far been traced, are considered, common-sense will ultimately rec- 
ognize that the imprisonment of a criminal for ten or twenty years 
is not simply to punish him or relieve the public of his lawless 
acts, but to restrain him from perpetuating his kind. No sudden 
revulsion of feelings and amended ways is to purify the criminal 
taint, but he is to be quarantined in just the same way that a case 
of the plague might be, that his kind may not increase. With 
these plain facts thoroughly understood, men high in authority 
must find some other excuse for the exercise of their pardoning 
power, and other reasons be given for allowing so large a propor- 
tion of criminals to go free. With the monstrous blot of Mor- 
mon ism and free-love in our countrj', the statute-books are to be 
again revised from the standpoint of science, with its rigid moral 
and physical laws, and not from the basis of established usage or 
long-continued recognition. 

[lion. Lewis H. Morgan In dealing with Australian kinships, and show- 
ing the status of laniily relations, shows how common communal ism Is 
among them, and even before that the intermarriage of brothers and 
sisters, and thus significantly refers to some of the excrescences of modern 
civilization, such as free-love and Mormonism, as reversions to ancestral 
modes. **The nations of the Aryan tamily assume not only to be civil- 
ized, l)Ut to be far advanced in civilization ; whereas that is strictly true of 
a small minority only. Barbarism and savagism still lurk in all cities, 
and in all corners of civilized lands, repressed by law and restrained by 
intt*lllgence. We have the same identical brain perpetuated through re- 
production which worked in the skulls of the savages and barbarians of 
by-gone nges; and it has come down to us laden and saturated with the 
thoughts, aspirations and passions, with which it was busied through 
the intermediate periods. It is the same brain grown older and larger in 
the experience of ages. These outcrops of barbarism are so many revela- 
tions of anterior proclivities, a kind of mental atavism." — Proc. Am. 
Acad., Vol. VllI, p. 412.] 
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On a Provisional Hypothesis of Pangenesis. By W. K. Bbooks, 
of Baltimore, Md. 

[ABSTRACT.] 

This paper proposes a modification of Darwin's hypothesis of 
the same name ; removing most of its difficulties, but retaining all 
that is valuable. According to the hypothesis, in its modified form, 
characteristics which are constitutional, and already hereditary, 
are transmitted by the female organism by means of the ovum ; 
while new variations are transmitted by gemmules, which are thrown 
off by the varying physiological units of the body, gathered up 
by the testicle, and transmitted to the next generation by impreg- 
nation. 

The ovum then is the germ of an entire organism, and may 
develop without impregnation ; while the gemmules or germs of 
single units, can develop only after they are united with an ovum. 
The ovum is essential ; the gemmules only important. The ovum 
is the conservation element, and the female organism the conser- 
vative organism ; while the male fluid is the progressive element, 
and the male organism the progressive organism. 

Among the many proofs of the truth of this view, we may in- 
stance what are known as reciprocal crosses ; that is cases in which 
two allied species are crossed using, first, the male of species A, 
and the female of species B ; and then reversing the process and 
crossing the male of B with the female of A. If our h3'^pothe8is is 
true the offspring in the first instance should be nearer to A, and 
in the second case nearer to B. 

The mule has an ass for its father and a mare for its mother, 
while the hinny is the offspring of the stallion and the female ass ; 
and the result agrees with our hypothesis, for the mule has the 
voice, ears, head, tail and general form and color of the ass, while 
the hinny has a long tail like that of a horse, its head, ears and 
hair, are like those of a horse, and its voice is a neigh. 

Another proof adduced is the well-known fact, that, throughout 
the animal and vegetable kingdoms, almost without exception, 
wherever the sexes differ the male departs more widely than the 
female from the ancestral form, as this is shown by the young and 
by allied fomui, 

"*^ 12 
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On the Plastidule Hypothesis. By Louis ELSBEBa, of New 
York. 

After having accepted as true the general doctrine of Evolution 
and the effectiveness of natural selection within its sphere of 
action, — I felt the need of a clear and logical conception of the 
mode of propagation and differentiation of organisms ; and was 
graduall}' led to adopt, and in 1868 or 1869 to announce, a modifi- 
cation of the current development theory. As stated by Mr. Dar- 
win as an inference from analogy (Origin of Species, chap, xiv, 
conclusion) "probably all the organic beings which have ever 
lived upon this earth have descended from some one primordial 
form." So far as I know, neither Mr. Darwin nor any, other 
advocate of evolution had in this connection made any distinction 
between "primordial form" and "individual primordial being;" 
whereas I had gradually come to believe that all living beings 
other than the simple protoplasson have, indeed, descended from 
one primordial form (viz., protoplasson), but from diifferent indi- 
viduals of such primordial form which have originated at different 
times of the earth's existence, and have possibly also more or less 
differed in chemical constitution ; that the individual protoplasson 
which started upon its evolution first in time is, other circum- 
stances^ being equal, most highly developed, which means that it 
may be stated as generally true that the most highly developed 
organisms are so, simply because they are the oldest in organic 
existence, those in their constitution nearest to protoplasson 
being the youngest ; that the difference of rank among existing 
forms is mainly due to the difference of time during which, or the 
number of times which regeneration has occurred, and that the 
difference of direction in which development has taken place is in 
part due to the modifying or ada,pting influences with which the 
organism has been surrounded. 

Under the name of hypothesis of regeneration these ideas have 
been published in various places during the past seven or eight 
years, among others in "London Monthly Microscopical Journal," 
1872, p. 182, and in the "Proceedings" of this Association at 
Hartford, August, 1874. 

1 i. e. possible chemical difference in different specks of primitiye protoplasson, and 
different external conditions acting upon them either to retard or accelerate evolutiony 
or change its direction. 
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Whatever is transmitted by a man and woman to their child 
must be contained in the two generative elements : i. e. in either 
the female ovum or the male semen. Now, since not only the 
peculiarities of the immediate parents, but also those of anterior 
ancestors, may be transmitted, it is certain that the two constit- 
uents of the germ, the ovum and spermatic particles, contain mol- 
epules to which are attached all these peculiarities. I assume, and 
this assumptipn constitutes the foundation of the hypothesis, that 
the germ of every derivative living being contains plastidxdes^of its 
whole ancestry, Plastidules I explained as being plastid molecules. 
A plastid is living matter or bioplasson in its ascertained most ele- 
mentary form, as it is found on ultimate physical or microscopical 
analysis to compose all organic bodies, plants as well as animals, 
the highest as well as the lowest. Formerly, the so-called "cell" 
was considered the form element of organic bodies, and it was hence 
termed " elementary organism," or " life unit :" now, the ultimate 
"life stuflf" or, to speak with Huxley "physical basis of life" is 
known to be the substance called ^'protoplasm" or (to use a desig- 
nation etymologically more nearly meaning living, forming matter) 
" bioplasson." 

Plastidules or plastid molecules are the smallest particles in 
which the qualities of a plastid reside : the really " elementary 
factors of plastid life." I took ^ood care to state (" Proceedings " 
of this Association, 1874, p. 90), that, "I regard a plastidule quite 
as much a centre or bundle of force as of matter." Again, "Pro- 
ceedings," p. 92), I explained : ,"the germ of a child contains mole- 
cules or plastidules or bundles of force derived through its parents 
from grandparents, great-grandparents, and in fact from a long 
line of ancestors." Again, when I spoke of the hypothesis (" Pro- 
ceedings," p. 93), as " the hypothesis of the preservation of organic 
molecules, because it assumes that certain plastidules are, though 
not forever, yet for a long time, preserved and transmitted from 
generation to generation," " I added, " or I might call it the hy- 
pothesis of the conservation of organic forces, which with the ex- 
planation already made [i. e., that a plastidule is a centre of 
force quite as much as a centre of matter, and that force or molec- 
ular motion is preserved and transmitted quite as much as molec- 
ular substance], would express the same thing." 

That I have been, nevertheless, misunderstood on this point, I 
have been made aware by verbal communications from members of 
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this Association and others, and in print by Prof. Hseckel (Die 
Perigenesis der Plastidule oder die Wdlenzeugung der LehenstheiU 
chen. Ein Versuch zur mechanischen Erklarung der elementai^n 
Entwickelungs-Vorgange. Von Ernst Haeckel. Berlin, 1876), and 
subsequently also by Mr. E. R&y Lankester (in " Nature," July 13, 
1866). 

Several personal discussions convinced me that I had not suffi- 
ciently explicated the modes of transmission of force which meet 
the argument of the plastidule hypothesis ; it was suggested to 
me to bring the subject again before this Association for the pur- 
pose of laying greater stress upon this aspect of the case ; and 
before I could do so. Prof. Hseckers Pamphlet on the Perigenesis 
(il e,j as he explains, the generation of force-waves) of plastidules 
reached me. 

/ After quoting the very passage from the "Proceedings," p. 93, 

which I have cited, he says : (Pamphlet cit, p. 74) " As it clearly 
appears from this and the further details of Elsberg, he agrees in 
the most essential feature with the Pangenesis hypothesis of Darwin , 
in as much as both here and there the materiaLtransmissibn #f act- 
ual molecules tliroughout the whole series of blood-related gener- 
tions, and therefore the material composition of each germ of 
corporeal particles of its whole ancestry, is asserted. But just 
this fundamental thought our perigenesis hypothesis opposes. For 
we assume an immediate transmission of corporeal molecules only 
from the procreating individual to the procreated, but not also from 
the older series of ancestors. From these there is transmitted or 

' "inherited" only the particular form of periodic motion; and it is 

only this continuing "wave-motion of the plastidules" which, by 
virtue of their memory, causes the qualities of the older ancestors 
to reappear in the later progeny." 

To Darwin's Pangenesis hypothesis I shall allude presently. Of 
^ the obvious immediate transmission I said ("Proceedings," p. 93) 
" It must be of course also borne in mind that the transmission of 
ancestral plastidules takes place in each generation through ma- 
terial derived from the immediate parents only." Concerning the 
transmission of " only the particular form of periodic motion" I 
'•Jnust say that the fact of the inseparable union and interdepend- 
ence of function and structure, — the fact that whenever we deal 
in science exclusively with either matter or force, we have to do 
with but one of two aspects of one and the same thing, — is so 
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firmly rooted in my mind that to me the hereditary transmission of 
these force-waves involves material transmission, not necessarily 
of plastidules actually preserved from older ancestors, but certainly 
of plastidules which have in some way become equivalent to these ; 
or, as I have elsewhere expressed it, "to which are attached not 
only the peculiarities [particular molecular motions] of the im- 
mediate parents but also those of anterior ancestors reappearing 
in the child." I should not have expected so close and philo- 
sophical a reasoner as Hseckel to exclude some such material 
transmission, — the less so because from study of his works and 
personal intercourse, I feel confident that his views of matter and 
force (resp. modes of motion) are like those I have expressed. I 
distinctly stated ("Proceedings," p. 90) " Nor is the specific trans- 
mission of the identical plastidules the point necessarily insisted 
upon, since the transmission of particles rendered identical by 
assimilation and. growth meets the purposes of the argument;" 
and again ("Proceedings," p. 91) "nutritive assimilation or growth 
impresses new molecules with all the qualities of .the. old and thus 
preserves the identit3^" I admit that I should have entered more 
fully into the disciiission of possible modes of transmission and 
conservation of molecular force-waves ; but I must declare that 
what Hseckel calls perigenesis of plastidules, so far as I can 
understand it, is contained in my statement of the regeneration 
hypothesis, though he gives in his essay greater prominence than 
I did in mine, to this one of the two correlative ideas of the 
hypothesis, and elaborates it more ably than I dould possibly have 
done. 

As to the Pangenesis hypothesis, I have always taken it to 
consist most essentially in the assumption " that cells, before their 
conversion into completely passive or ' form material,' throw off 
minute granules or atoms, which circulate freely throughout the 
system, and when supplied with proper nutriment multiply by self- 
division, subsequently becoming developed into cells like those 
from which they were derived. These granules for the sake of 
distinction may be called cell-gemmules, or, as the cellular theory 
is not fully established, simply gemmules." (Darwin's " Variation 
of Animals and Plants under Domestication," vol. ii, chapter 
xxvii, second part.) 

This essential feature of pangenesis I have not adopted in my 
hypothesis of regeneration. No one at all acquainted with the 
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latter can for a moment believe that its '^plastidules" are the 
same as Mr. Darwin's ^^gemmules" under another name. In 
almost all the qualities ascribed by Mr. Darwin to gemmules they 
differ from plastidules ; to' wit., in their free circulation throughout 
the body, their peculiar affinity for each other, their multiplication, 
etc. ; indeed the two views are entirely distinct. Mr. Darwin 
deals with supposed emanations, t. 6., particles proceeding, or 
being given off, universally and continuously from " cells ;" I with 
the ultimate particles, or molecules, of which the living matter is 
made up, reaching further back than all so-called '^ cells." 

If any one were to attempt to combine my conception with that 
of Mr. Darwin, he would, perhaps, have to regard the gemmules 
" thrown off by every cell or unit of the body, not only during 
the adult state but during all the stages of development" as com- 
bining to form plastidules which would be incompatible with my 
definition of plastidules, or else that gemmules are made up of 
plastidules which seems to be as incongruous. 

I will add here — although it is in answer rather to Mr. Lank- 
ester than to Prof. Haeckel — that Mr. Darwin's view of "the 
retention of free and undeveloped gemmules in the same body 
from early youth to'old age" and "the long continued trans- 
mission of undeveloped gemmules " approaches his hypothesis to 
mine. Mr. Darwin says of his gemmules : " They are supposed 
to be transmitted from the parents to the offspring, are generally 
developed in the generation which immediately succeeds, but are 
often transmitted in a dormant state during many generations and 
are then developed. Their development is supposed to depend on 
their union with other partially developed cells or gemmules which 
' precede them in the regular course of growth." Again he says : 
" According to my view, the germs or gemmules of each separate 
part were not originally pre-formed, but are continually produced 
at all ages during each generation, with some handed down from 
preceding generations." Again ; " The aggregation of gemmules 
derived from every part of the body, through their mutual affinity, 
would form buds, and their aggregation in some special manner, 
apparently in small quantity, together probably with the presence 
of gemmules of certain primordial cells, would constitute the sex- 
ual elements." Again : " The transmission of dormant gemmules 
during many successive generations is hardly in itself more im- 
probable, as previously remarked, than that of the retention 
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daring many ages of rudimentary organs, or even only of a tend- 
ency to the production of a rudiment; but there is no reason 
to suppose that all dormant gemmules would be transmitted and 
propagated for ever." And again: "All organic beings, more- 
over, include many dorp^Eint getotSiules derived -from, their grand 
parents and more remote progenitors, but not from all their 
progenitors." Finally : " Reversion depends on the transmission 
from the forefather to his descendants of dormant gemmules, which 
occasionally become developed under certain known or unknown 
conditions." In so far as these expressions mean that the germ of 
crvery derivative living being contains particles derived from not 
only its immediate progenitor^ but also remoter ancestors, I am 
with them in entire accord, and do not claim either priority or 
originality ; yet, as my regeneration hypothesis involves a modi- 
fication of the theory of development held .by Mr. Darwin, I 
certainly can not take the liberty of ascribing the hypothesis to 
him. 

Prof. Hseckel criticizes my advocacy of Heitzmann's histological 
views. In the exception he takes, he is, however, unfortunate ; for 
the very statement he makes in supposed opposition — viz., that the 
network arrangement found in living matter is a secondary phe- 
nomenon — is one published by Heitzmann in his original com- 
munication to the Vienna Academy Ueber die Lebens-phasen dea 
Protoplasmas (On the. life-phases of protoplasma^ June 26, 1873, 
with which I entirely agree. The real and fundamental point of 
divergence Hseckel does not mention. This is, that while Httickel 
clings to Virchow's politico-ph\ siological comparison, that every 
higher organism is like an organized social community or state, in 
which the individual citizens are represented by the " cells," each 
having a certain morphological and physiological autonomy, al- 
though on the other hand interdependent and subject to the laws of 
the whole ; — Heitzmann's views necessitate the comparison of the 
body to a machine, such as, for instance, a steam-engine, in which 
though there are single parts, no part is at all autonomous but all 
combine to make up one individual. According to Hseckel the 
body is composed of colonies of amoebse ; according to Heitzmann 
the body is one complex amoeba. 

The Application of the term " memory," as first introduced by 
Prof. Hering, to the persistence or reproduction of the qualities 
of plastidules is a very happy one; and, altogether, Hseckel's 
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pamphlet is a valuable contribution to the mechanical explanation 
of the elementary processes of development. 

Mr. E. Ray Lankester's article in "Nature" July 13, 1876, was 
written for the avowed purpose of showing " that Prof. Hfieckel's 
^theory is essentially, that with which both English and German 
students of Mr. Herbert Spencer's works have long been familiar ; 
and that it does not furnish a clearer explanation than does. Mr. 
Darwin's Pangenesis, of the special facts of Heredity which Mr. 
Darwin had in view." In the course of this article he is rather 
severe on my essay in the "Proceedings" of this Association, 
Hartford, 1874, with which, though, he is " only acquainted through 
Prof. Haeckel's citations." To show the laxity with which he per- 
mits himself to write, I s^all quote this sentence : " I am unable to 
say whether Mr. Darwin was acquainted with or had considered Mr. 
Herbert Spencer's Hypothesis of physiological units, when in 1868 
he published his own provisional hypothesis of Pangenesis." Turn- 
ing to this publication^ we read there : " Nearly similar views have 
been propounded, as I find, by other authors, more especially by 
Mr. Herbert Spencer ;" then in a long foot-note several authors 
are named as well as Mr. Herbert Spencer, and Mr. Darwin makes 
' reference to the very same volume, chapter and page as Mr. E. Ray 
Lankester. 

As to my hypothesis of regeneration, — not only has Mr. Lank- 
ester not read the essay in the " Proceedings," but he either has not 
read or else has forgotten my article in the " London Monthly Micro- 
scopical Journal ;" nevertheless he unhesitatingly passes judgment, 
thus : " Elsberg does not appear to have helped on the discussion 
of the subject to a great extent, since he proceeds no further than 
is implied in adopting Mr. Darwin's theory of Pangenesis, whilst 
substituting the " plastidules " for Mr. Darwin's "gemmules." 
How much or how little I have adopted " Mr. Darwin's theory of 
Pangenesis, whilst substituting the plastidules for Mr. Darwin's 
gemmules," I have already shown. 

According to Mr. Lankester, what I have done is to combine 
Mr. Herbert Spencer's with Mr. Darwin's hjrpothesis ; but he him- 
self suggested doing this, he tells us, in an essay published six 
years ago. I willingly accord to Mr. Lan'kester the priority of 
making this suggestion. As to the facts, I have always, with Mr. 

4 The Variation of Animals and Plants Under Domestication. By Charles Darwin, 
M. A., F. EL S., etc. Authorized edition, New York, 1868, toI. ii, p. 418. 
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Darwin himself, looked upon his views as being very similar to 
those of Mr. Herbert Spencer ; there is, however, this diflference 
that the latter author inclines more to the '' force '* aspect and the 
former to the " matter " aspect of the case. Now, as my hypoth- 
esis includes both aspects, it certainly does in so far combine these 
two hypotheses ; but as it differs firom each of them not only in 
the particulars in which they differ, but also on points on which 
they agree, it is not a combination of them but something distinct. 
In the first placey plastidules are different from Mr. Herbert Spencer's 
Physiological Units, because : 1. Physiological units like gemmules 
are believed to be " thrown off" from each separate part of the whole- 
body. Whether they are like gemmules supposed to be thrown off 
during all the stages of development is not quite clear to me, but 
interests me simply as a question of agi*eement or disagreement 
between Messrs. Spencer and Darwin ; 2. Physiological units like 
gemmules are supposed to be diffused through the body, and to be 
merely aggregated in the sexual organs, these being '^ essentially 
nothing more than vehicles in which are contained small groups 
of physiological units in a fit state fpr obeying their proclivity 
towards the structural arrangement of the species they belong to ;" 
8. Physiological units like gemmules are supposed to grow and 
multiply. 

Not only, therefore, is the conception of plastidules different 
from Mr. Herbert Spencer's conception of physiological units, but, 
intJie second place^ the assumption : 1. Of the origination of living 
matter at different times of the earth's existence ; 2. Of the more 
or less approximate parallelism of development of different or- 
ganisms thus started at different times ; and 3. Of the dependence 
of rank among existing forms in greatest part upon this difference 
of duration in organic existence, has not been made, so far as I 
am aware, by Mr. Herbert Spencer any more than by Mr. Darwin. 

So much for the fact of the combination. As to the manner 
in which, in Mr. Lankester's opinion, I have acquitted myself in 
making the alleged combination, he says : '' It appears to me that 
Elsberg, in his combination of the Spencerian and Darwinian hy- 
potheses, has omitted the sound element in the latter and retained 
the more questionable." Having thus again passed judgment on 
me, he vouchsafes to tell how I should have made the combination, 
viz. : "He [referring to me] should have conjoined Mr. Herbert 
Spencer's conception of plastidules possessing special polarities 
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or force affections which they are capable of propagating as 
changes of state (i, e. force-waves) to associated plastidules and 
so to offspring, with Mr. Darwin's conception pf a universal and 
continuous emission of such changes from all the cells of an 
organism, and the frequent occurrence of a persistently latent 
condition of those changes." 

Mr. E. Ray Lankester has thus abundantly proved how little he 
knows of my views ; but not yet content, he adds : " This is, in 
fact, the position which Prof. Haeckel takes up, though independ- 
ently of what Mr. Herbert Spencer has written on the subject, 
excepting so far as the influence of the latter is to be traced in 
Eisberg's essay." 

Before Mr. Darwin, Prof. Hseckel, I, or anybody else that I 
know of, approached the solution of the problem, Mr. Herl)ert 
Spencer had, for the purpose of explaining heredity, variation and 
other vital phenomena — sq far a^ an explanation could be looked 
for — elaborated the hypothesis of physiological units, "which 
possess the property of' arranging themselves into the special 
structures of the organisms to which they belong." He assumed 
that " each organism is built up of certain of these highly plastic 
units peculiar to its species — units which slowly work towards an 
equilibrium of their complex polarities, in producing an aggregate 
of the specific structure, and which are at the same time slowly 
modifiable by the reactions of this aggregate." 

This hypothesis, although vague and indefinite compared with 
the conception I attained a number of years later, may be looked 
upon as the seed from which all subsequent speculations sprang* 
Darwin's " modified and amplified " hypothesis of pangenesis was 
a step in the direction of greater clearness of conception and 
statement; but together with this greater clearness it made the 
explanation, necessarily perhaps, more complex. The advance 
in our notions of molecular physics simplified the solution of the 
problem for me by enabling me to refer vital phenomena more 
definitely to the molecules of living matter. Hseckel brought 
into prominence the propagation of force- waves. But to Herbert 
Spencer belongs the honor of having first conceived a consistent 
hypothesis for interpreting the phenomena of derivative life. 
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On a Variation in the Colors op Animals. By S. W. Garman, 

of Cambridge, Mass. 

It is not necessary, in order to produce variety of effects in 
nature, that there be great diversity of causes. Given diversity 
of objects acted upon, or difference of circumstances attending the 
action and a single cause is capable of producing many and varied 
effects. The greatest complexity, in a natural phenomenon, is 
often due to extreme diflSculty in separating the modifications pro- 
duced by peculiarities of individual, or locality, from the effect of 
a very simple general cause. An effect confined to an individual or 
species of a particular locality, and not appearing in others, would 
rightly be supposed to be due to some peculiarity of that individ- 
ual, or its circumstances, which might or might not be under the 
control of the will of the creature. But in the case of an effect 
felt in the most distant countries, by animals of the most widely 
different conditions and necessities, in climates quite as diverse as 
the animals themselves, affecting not alone those to which it proves 
beneficial but the entire fauna of their neighborhood, and not only 
in localities upon the land favoring its action but also in similar 
ones in the waters, in the case of an effect so general the conclusion 
is inevitable that it is due to a cause universal and constant in 
its action and entirely independent of the wills of the animals 
affected. To such a cause is ascribed the effect, the variation in 
the colors of animals known as the pallor or decrease in intensity 
or amount of darkness exhibited by the faunae of plains, deserts, 
mountains, certain islands, or snowy regions when compared with 
those of dark soiled, grass, or forest-covered countries. A cause of 
this character is the only one we can conceive to be likely to accu- 
mulate by imperceptible accessions through long periods of time, 
a variation which, however valuable it- may have ultimately become 
as a means of protection, must have been in its inception, and for 
a considerable duration, an exceedingly small, unappreciable and 
useless quantity. The proposition that this variation is caused by 
the bleaching action of refiected light, is supported by the fact that 
it exists only in the presence of such light, that in the colors of 
animals exposed to light the blanching is directly proportioned 
to the amount of reflection in their surroundings and varies directly 
as this amount in the different seasons of the year, and by the ab- 
sence of any other adequate means of accounting for it. It is but a 
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step from the acceptance of the belief in the possession by reflected 
light of a bleaching power exerted in case of particular mammals 
and birds to the generalization, yet the necesi^ity of taking it is not 
forced upon us until our attention is directed to the faunae of the 
waters, where the same whitening process goes on but under cir- 
cumstances so radically different as to cut down the number of 
probable causes to a minimum. Though the fact of the bleaching 
has been repeatedly asserted, in different species, by eminent sci- 
entists, of whom Prof. J. A. Allen has gone so far as to enumerate 
" Sunlight intensified by reflection " as one of several causes whose 
combined action produce the effect, no one has yet felt disposed to 
credit it with its full extent ; no one has asserted its existence in the 
waters, and no one has attempted by its means to account for dif- 
ference of summer and winter colors in birds and mammals or of 
colors of dorsal and ventral surfaces. 

From the nature of the agent with which we have to deal, the 
slowness of its action, and the difficulty of direct experiment, it 
becomes necessary to cite numerous instances in order to give even 
an approximate idea of the extent of its influence. 

At the outset it is* to be distinctly understood that the variation 
treated of is simply a whitening or blanching of color, such as is 
noticed in tracing a group from its representatives inhabiting local- 
ities where vegetation is most abundant to those of barren or desert 
places. In amount it varies from the unappreciable to an utter 
obliteration of all markings in a uniform white. It is only in its 
effect upon the more stationary pigment of the skin and its out- 
growths that it is considered. 

The changes of color due to excitement, irritation, acceleration 
or retardation of the flow of blood from various causes or to food, 
as will be seen at once, are beyond our limits. Upon the con- 
sideration of the appropriation of different tints or plans of 
marking by one species and another I do not purpose entering at 
present. When the laws of color are better understood we shall 
have foundation for theories of spots and stripes. The popular 
ideas of voluntary color change, on the part of certain reptiles and 
batrachians, are in the main exaggerations and misconceptions. 
The changes of the most able among them are no more numerous 
than those to which a man is subject under the influence of fear, 
shame, excitement, irritation, etc., and are not yet proved to be 
any more under the control of will in the one instance than in the 
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other. Those in which these sudden changes are very marked are 
few and of the more naked ; in other animals the changes are hid- 
den by the coverings of the skin, and do not become liable to be 
confounded with the primal or permanent colors. Even though 
certain changes might, by producing similarity of appearance with 
soil or surroundings, be beneficial on some occasions, the fact is 
that the reptiles most able to vary, when startled or frightened go 
through the changes regardless of the color on which they may 
happen to rest. 

Notwithstanding they have been unable to retain the same 
appearance for any length of time the chamseleons kept for study 
by different naturalists have signally failed to take on the colors 
of chairs, carpets or other articles on which from time to time 
they found themselves. As for the very brilliant colors of some 
reptiles it is difficult to imagine surroundings with which they will 
coincide, and we are obliged to suppose such as the bright scarlet 
of species of Calotes for some other purpose, — possibly we shall 
yet be favored with the suggestion that this color has been selected 
because, like those of the flowers, it is more attractive to the in- 
sects on which its wearer feeds. A fruitful source of error in re- 
spect to changes of color lies in the great differences of appearance 
that may exist where there has been no change whatever in the ob- 
ject itself. Translucent animals passing over light and dark ob- 
jects successively can show the colors passed without the slightest 
increase or decrease in their own. Thus young fishes moving from 
bright sand to black mud appear to change instantaneously, but 
viewed horizontally no difference is visible in the entire course. 
Like the animals, pieces of wood or rocks that are dark in the 
shade apparently lose much of their darkness when suddenly placed 
in the bright s.unshine. 

A horse that is light brown at midday presents a darker ap- 
pearance on the approach of night, and at a later hour is not to be 
distinguished from the black at his side. If all the light falling 
on an object is absorbed the aspect is black; increase in the 
amount of light seems to make no change in the index of ab- 
sorption, but whatever is in excess is thrown off with the effect of 
lightening the appearance ; further increase produces only greater , 
excess and lightness. A large majority of the supposed changes 
are explained in this way. 

Most animals exposed to light possess color. The fact of the 
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existence of certain species in the Mammoth Cave possessing it 
in complete darkness is an argument in favor of their derivation 
from progenitors not so deprived. Although such species as have 
never been exposed may be colorless it is not to be said that some 
now colorless never were colored, since a long continuance under 
adverse conditions may have caused the loss of the evidence. 
Naturally such colors as are most permanent will be most influ- 
enced by the variation and the transitory accessions from their 
very nature will present little opportunity for the action of an 
agent which makes its approaches so gradually. The brilliant 
tints of crimson, orange, purple, etc., which are to be directly 
correlated with the amount of heat, do not escape modification. 
Lustre being simply a mechanical or structural effect is not to be 
treated as color. The bleaching power is exerted by the confusing 
blending prismatic reflections of sands and snows rather than the 
simple refraction of mirror-like surfaces. The term reflection is 
used here only in connection with the former. In terms of effect 
and cause the law may be stated as follows : Among animals pos- 
sessed of darker colors the tendency to vary toward white is directly 
as the amxmnt of reflection in their surroundings. The instances 
cited in support and for illustration are few of the many that offer 
and are principally taken from the vertebrata because they are 
better known. 

We are accustomed to think only of the great in connection 
with this matter, yet there is no reason why the most satisfactory 
experiments in rtspect to coloration and influence of surroundings 
may not be made with an animal whose entire world is darkened 
by the shadow of a wandering bird. 

Migratory animals strive to place themselves in the midst of 
circumstances similar to those they leave, which is not conducive 
to variation ; on this account as well as the difficulty in following 
them from place to place they are less available for observations 
than the more stationary, which are usually subjected to diverse 
influences in the different seasons of the year and can be traced 
with much greater ease. Evidence of the bleaching effect of re- 
flected light exists in the prevalence of the paler colors in locali- 
ties favoring it and the darker in the others, as is shown by the 
whites oh the snows, the grays on the sandy plains and deserts, 
and the browns and blacks in the forests. 

It may be seen by comparing the faunae of different countries ; 
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or by comparison of the families of an order, the genera of a 
family, the species of a genus, or the individuals of a species when 
subject to different degrees of exposure. 

The body of the same specimen in the different seasons, or if 
the abdominal portions, generally more exposed to its action, are 
compared with fianks and back, often shows most emphatically 
the difference in effect between reflected and unreflected light. In 
the cases of animals living where absorption is most complete and 
reflection least, or in those of exclusively nocturnal habits, the 
dark colors prevail on belly and back, as may be seen on the in- 
habitants of dense forests or soils of dark colors. Proceeding 
from such a locality regardless of direction in latitude or altitude 
the colors are found to be constantly growing lighter in propor- 
tion to the increase in amount of reflection until are. reached the 
light colors of the plains of North America or Central Asia, the 
lighter ones of Northern Africa or the white of the snows of the 
mountains or the poles. And it is particularly noticeable that in 
most instances the bleaching is least on the back, more on the 
sides, and most on the abdomen, provided the latter is not applied 
to the ground so as to prevent the effect of reflection. Many 
animals which accommodate themselves to changed circumstances 
in winter do not bring about the change of color by complete 
changes of plumage or pelage, but as the season advances the 
blanching effect, possibly aided by the cold, slowly makes its 
appearance and the whitened surface is gradually extended up the 
flanks until finally the back is included. If the whiteness of the 
belly in so many animals is due to bleaching then certain others 
which because of structure, habits or locality are not exposed to 
it should retain the dark color below as well as on the back ; that 
this is so i^ shown by many reptiles, by the moles in the earth, 
the bison in the grasses, and the moose and bear in the thickets 
and forests. 

INSECTS. 

For hints that have been of material aid to me in the accumu- 
lation of a mass of facts among the insects in support of the idea 
here advanced as to the cause of the variation I am indebted to 
Mr. Geo. Dimmock, a close and accurate observer. The evidence' 
is quite as conclusive and more abundant in this class than among 
the vertebrates. Wherever the latter suffer a diminution of the 
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amount of darkness in coloration a corresponding decrease is to 
be noticed in that of the insects which is undoubtedly due to the 
same cause. An entomologist in looking over his cabinet is able 
to say " from the intensity or fadedness of the colors " abQut what 
sort of a locality furnished such and such specimens; in other 
words, he can with considerable accuracy indicate the character of 
the habitat from the condition of the markings of the specimen. 
The insects of the sandy plains, tracts of least amount of vegeta- 
tion and great reflection, are more pale than representatives of the 
same species and genera from the neighboring woodlands. 

The Cicindelidse being constantly in the same horizontal posi- 
tion and frequenting the same localities from day to day show very 
distinctly the bleaching effect. A comparison of specimens enables 
one in a short time to point out with some degree of certainty by 
the ashiness or paleness alone the species of the sands as dis- 
tinguished from those of the bushy or grass-grown loams. On a 
more critical examination individuals living upon light colored 
banks can be separated from others of the same species inhabiting 
the black soils. 

The ashy light colored inhabitants of the light colored soils are 
further distinguished from those on the dark, in the grasses and 
bushes, by a whitening of the color around the margin on the 
under surface that extends a greater or less distance from the edges 
of the elytra toward the centre of the abdomen, which from being 
applied to the ground much of the time is less bleached. The 
Lepidoptera of the -plains, as is well known, are of lighter colors 
than those of the woods and meadows. A decrease in the amount 
of dark color in the species of the mountains from the bases toward 
the summits has led to a proportioning of intensity of colors ac- 
cording to altitudes, an arrangement which must often, be reversed 
when proceeding from wooded mountain sides or plateaus to the 
plains below them. 

AQUATIC ANIMALS. 

In the waters the variations are similar to those on the land in 
some respects and quite different in others. In clear waters, in 
shallow unshaded streams and on bright sandy beds the fauna is 
lighter colored than in dark waters, in deeply shaded streiams and 
over muddy bottoms. Here the variation is the same as obtains 
on the land in situations similar as regards light and reflection. 
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That this is so would seem to indicate a similar cause, and also 
that that cause cannot be' difference in amount of moisture or 
dryness as has been suggested with good show of reason in case 
of land animals. Many of the lower marine forms while confined 
to the rock or mud of the bottom are more or less • dark colored, 
but during their free swimming stages when exposed to the influence 
of reflection from a broken surface or the bottom they become much 
lighter. A few of the least erratic of the American Selachia will 
serve to illustrate some of the peculiarities of variation in the depths. 
Maja loevis^ R. ocellata, R. erinaceaj and R. radiata, var. amen" 
cana, occurring from Cape Cod to Grand Menan and northward 
are very dark, uniform or indistinctly spotted, and agree well in 
depth of color. Specimens of Raja oceUata and R, erinacea from 
south of the Cape are much lighter with spots more distinct, and 
the color gradually becomes lighter and the spots decrease in size 
to the southern limits of the ranges of the species. Raja eglanteria 
with a range from Buzzard's Bay to the Tortugas and probably 
southward is dark olivaceous with spots of considerable size more 
or less confluent into bands at the north and changes southward 
until of a light brownish yellow or reddish with small dots of 
darker. Uraptera Agassizii from southern Brazil and the Rajse 
from Peru agree in depth of color with those from south of Cape 
Cod. Uraptera binoculata from San Francisco and the genera 
Sympter3'gla and JE^sammobatis from southern South America agree 
with the Rajae from Massachusetts Bay and northward. The spe- 
cies of Torpedo from Massachusetts Bay and that from San 
Francisco agree in the possession of a dark chocolate brown color. 
Narcirve braziliensis from Rio Janeiro with a dark plumbeous 
or olive ground and dark brown bands and spots is represented in 
the Antilles by a variety with a yellowish to reddish ground and 
bands identical in shape and position but from which the centres 
have faded until nearly as light as the ground, yet the young from 
the two localities are so nearly alike that it is with difllculty they 
are distinguished. Urglophus torpedinus from the Caribbean Sea 
differs from the closely allied species U. Halleri from San Diego, 
Cal., in having a lighter ground and being covered with larger spots 
of white so that the aspect is grayish ; Halleri has an olive ground, 
very small spots and a dark appearance. Urolophus mundus from 
Panama is much lighter colored than U, chilensia, Rhinobatua 
Horkdii from northeastern South America is lighter than the same 
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species farther south ; R. undulatus from Rio Grande do Sul to 
Rio Janeiro is quite dark, with bands of black, and grows lighter 
to the northward until hardly to be separated from the former. The 
species from Panama, B, leucorhynckua is light, that from Peru 
dark and that from California dark and banded isis the southern 
species on the Atlantic side of the continent. 

The ornamental tints of the fishes increase in number and bril- 
liancy toward the warmer waters of the tropics, as the same class 
of colors does among the birds from the north or south toward 
the equator ; but on passing to the northern or southern waters 
the less brilliant more modest and darker colors are found to pre- 
vail. On the land the amount of reflection increases toward the 
^les ; in the waters the direction of increase is toward the equa- 
tor. Over the equatorial waters the rays of light are most direct, 
they penetrate the water with more readiness and to greater depth, 
thus increasing the possibility of reflection from the bottom ; to 
the northward or southward the rays are more oblique, owing to 
the roundness of the earth and the position of the sun, the likeli- 
hood that they will be refracted off into space has increased, the 
probabilit3'^ of penetration to the bottom lessened, and in conse- 
quence there is a decrease in the amount of reflection ; in these 
directions there is an increase in the darkness of coloration. The 
majority of fishes are lighter colored on the surface most exposed 
to the action of reflected rays. 

BATRACHIANS. 

While there is a gradual lightening of colors in this group as 
we approach the plains from the wooded tracts, as may be seen in 
the frogs and toads, there is also a tendency toward increase of 
dark color from the tropics like that observed in the fishes. 

Scaphiopus, Rana and Bufo present marked illustrations of this. 
Scaphiopus solitarivs from the northern limits of its range in New 
England is almost uniform brown, the white lines so distinct in 
specimens from South Carolina being indistinct or absent. A 
variety of this species {S, albus) discovered on the island Key 
West, Fla., by Count Pourtales, would be characterized as white 
with irregular bands of brown. The South Carolina specimens 
are intermediate between the extremes from tlie north and south. 

Rana silvatica fix>m the south is light ; at the north it becomes 
490 dark that the brown patches on the sides of the head are in- 



BT S. W. GABMAN. 195' 

distinct. Sana clamata from being light colored with a reddish 
tint at the south loses the red and becomes quite dark as we go 
north. Bana pipiens Gmelin has an increase in number and 
size of the black spots, and Bufo lentiginostia from gray becomes 
brown along the same route. The European frogs and toads serve 
quite as well for examples as the North American. Salamandra 
and Amblystoma may be cited as showing the greater prevalence 
of light markings at the southward in the lower Batrachia. Hav-* 
ing naked skins the transitory color-changes of this group are 
more liable to be confused with the permanent ; this, with the 
great differences of the markings in individuals, has been the 
cause of an unlimited amount of exaggeration as to ability to 
change at will. 

BEPTILES. 

The land reptiles accord better with the mammals. Those from 
the sandy plains and plateaus are lighter colored than those living 
in the midst of vegetation. From southern South America there ^ 
is a marked increase in the amount of darkness toward the forests 
of the Amazon. From the plains of California, Nevada, Utah 
and Colorado there is an increase in darkness in the forest regions 
of the Pacific coast at the northward and also southward, in Mexi* 
CO, Texas and the southeastern states, as is well shown by the 
species of the genera Heloderma, Phrynosoma, Crotalus, Hetero* 
don, Tropidonotus, etc. From Algeria there is a very decided 
increase northward in Europe. In these cases and the numerous, 
others equally important that may be cited the increase in the 
pallor or lightness is always in the direction of greater reflection. 
In such serpents as are exposed to reflected light we perceive not 
only a lightening of the color of the whole body as compared with 
that of allied individuals or species not s6 exposed, but there is 
a marked difference in the colors of the same body subjected to 
different degrees of exposure. That portion of the belly habit- 
ually pressed against the ground is darker in many species than 
the anterior portion which is raised and becomes bleached. Take 
for instance the form of Heterodon from the plains, described as 
H. nasicus^ which is quite light colored, and by choosing forms to 
the southeastward a regular gradation of color may be built up to 
the very dark form to which the name H. niger was given. In 
H. nasicus the abdomen is darker than the back, but under the 
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portion carried off the earth it is quite light and gradually shades 
into the brown farther back. 

The <!ommon black snake or racer {Coryphodon constrictor) of 
the Eastern States is also a good illustration. On the prairies 
and plains of the West its representatives are much lighter colored. 
Under the throat, and for some distance back on the abdomen, the 
colors are light, slowly darkening to the portion kept on the ground. 
This effect may be seen in Bothrops, Crotalus, Tropidonotus, 
Ischnognathus, Oxyrhopus, and is quite general among the Cola- 
brine and Ooronelline forms. 

BIRDS. 

By different authors attention has been repeatedly called to the 
extent of the bleaching effect in this group. The majority of birds 
are lighter on the lower side. Of the less migratory the lighter 
colored are found on the sandy soils of plains and deserts, in 
the regions of most reflection, and many are accommodated to 
changed surroundings in winter by a change of color. 

The change of such as turn white in winter does not appear to 
be accomplished by change of plumage. The moult begins early 
in the summer and continues a greater or less length of time 
according to the species or age of the bird. The new feathers 
are brown or gray as the case may be, and in the fall when the 
frosts and snows come they bleach untij sooner or later in such 
birds as the Ptarmigan they become white. In manner the change 
is the same as that of certain mammals. The change is probably 
aided in both cases by the effect of the cold on the circulation and 
vitality in the extremities of the feathers or hair. Erratic birds 
subject themselves to diverse conditions in such rapid succession 
that it is only on a very intimate acquaintance with their habits 
that one can determine* the influences to which modifications may 
be due. A bird like the crow is not to be considered an exception 
because in some localities he frequents the beach or is seen far out 
on the opei\ grounds. An inhabitant of the depths of the forest, 
his retreats are in the most secluded places. His flight is usually 
at a distance from the earth, and in reality he is one of the least 
likely to feel the effect of reflected rays. 

Becords of the amount of variation in particular species are to 
be found in the works of Mr. Allen, Prof. Baird, Dr. Coues, Mr. 
Bidgway and others. 
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MAMMALS* 

Very few of the more brilliant colors are exhibited in this group. 
Departures from black or white or their mixtures are comparatively 
few and when occurring are most ofben in the shape of a tinge 
of red or yellow on the brown or gray. The instances given below 
illustrate to some extent what is peculiar to certain localities and 
the directions of increase or decrease in the darkness of coloration* 

Southward from the home of the white polar bear, in America 
there is a brown bear on the barren grounds, a cinnamon on the 
Bocky Mountains, a grizzly on the Sierras of California, and a 
black in the forests of the eastern and southern United States. 

In the old world, south from the polar regions, there is a brown 
bear ( Ursus arctos) and in the forests of India another black ( U. 
torquatos). More or less nocturnal in habits the bears experience 
little of a bleaching effect on the ventral surface, and hibernating 
in winter they reappear in spring as dark or darker than in the 
fall. 

According to Sir John Richardson, *' Wolves totally white are 
not uncommon in the most northern parts of America, particularly 
in districts nearly destitute of wood." In the foot-note follow- 
ing the sentence quoted he says : *^ Muller informs us that white 
wolves are found on the Jenisei, and Regnard says that the Lap- 
land wolves are almost all of a whitish-gray color; there are 
some of them white." 

Speaking of *' The Black American wolf, Lupus ater^** he says, 
quoting from Griffith, Warden and Desmarest, ^' Black Wolves are 
*'more frequent in the southern parts of Europe than in the north- 
*' ern ; and to the south of the Pyrenees they are said to be more 
*' common than the ordinary species or variety. In like manner 
'^ the American Wolf is more common on the Missouri than farther 
"north; and it is reported to be plentiful in Florida, where, 
" according to Bartram, the females are distinguished by a white 
" spot on the breast." • 

The Coyote {Canis latrans) of the plains, has an average of gray 
similar to that of the Jackal ( Vulpes aureus) from Algeria. 

The Arctic Fox (Vulpes lagopus) is brown in summer and 
bleaches white in winter; the young are brown or plumbeous; 
early in winter they become grayish, later pure white. The hairs 
are not whitened to the base, which remains of a brownish. In 
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the spring and summer the white far is replaced by a new coat of 
brown. To the soathward the foxes are darker and there is quite 
a» much confusion amongst them as the wolves, black, red and 
gray appearing in the same locality. The wolves and foxes are 
usually lighter colored on the belly, but, being more or less noc- 
turnal and burrowing, in many cases the difference is slight. 

The FelidsB follow the general rule ; in the mountains and snowy 
regions are found the. light colored species and in the forests the 
darker. Animals like the badgers (Taxidea and Meles), the Por- 
cupines (Erythizon and Hystrix), the Woodchucks (Arciomys), 
or the Moles (Scalops and Condylura), as their build and habits 
would suggest retain much of the dark color on the abdomen. 

Such as the Beaver and Mustoat (Castor and Fiber) are also 
nearly unicolor, and withdrawing from the influences of winter are 
as dark or darker in that season. The Otter, Fisher and Sable 
remind one of some ophidians in the light color extending from 
the chin down the breast to the horizontal portion W the body. 
The Weasels are reddish brown in summer ; in winter the white of 
the belly is extended up the flanks until finally the brown of the 
back has disappeared. The Rats, Squirrers and Field Mice are 
usually lighter beneath and in some species lighter winter colors 
obtain. The average color of the north African mammals is 
' lighter than that of those of the plains of North America. Those 
specimens of Gtenodactylus I have seen are of a tarnished white 
all over the body, but on blowing the hairs apart a darker color 
<a{^ears, which indicates that it has become bleached from the dark 
of another season or of its young stages, an eflfect which is pro- 
duced on the arctic rabbits and foxes under climatic conditions as 
nearly opposite as can be imagined. 

Species of Gerbillus, Mus, Fennecus, Dipus, Herpestes, Yulpes, 
Gazella, Giraffa and Camelus fairly represent the character of the 
coloration of the animals of this country. On comparison with 
a like number of the common European animals it will be seen 
that it is comparatively light and generally presents a faded or 
bleached appearance. 

A contrast is presented in the darker colors of the Stag and 
Boebuck, or even the lighter to grayish of the Chamois and 
Ibex, which respectively represent regions of less and greater 
amounts of reflection in Europe. We may look to the Weasels 
and Babbits for examples of the more changeable, and to the 
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tawny brown of the Wild Boar in the dense thickets for one of 
the more permanent. 

On the plains^f Siberia the colors have the pallor of the corre- 
sponding American territory, and are much whiter than those of 
India and Europe. Here, as elsewhere, the variation affects the 
entire fauna. Though the conditions as respects reflection re- 
semble to some extent those of Algeria the climates have little in 
common. 

According to Sir George Simpson a most remarkable instance 
of variation is presented in the inhabitants of one of the Steppes. 
On page 199, of the second part of "An Overland Journey 
Round the World," published in 1847, in describing his route 
from Irkutsk to Tobolsk this author makes the statement giv^n 
below. ''On the ensuing day we entered Baralinsky steppe, a 
''flat and fertile prairie of vast extent. Among the many agri- 
" cultural settlements, that studded this boundless plain, the one 
" which most particularly attracted my attention, was a colony of 
"Jews absolutely turned farmers — a phenomenon the more extra- 
" ordinary in a country where every one else was agog in pursuit 
" of gold and silver. But the alteration of complexion was, per- 
" haps, more remarkable than that of disposition. Though these 
"tillers of the ground still retained their hereditary features, yet, 
" in spite of the usual influence of rural labor, they had exchanged 
" the swarthy countenance and dark locks of their race for fair 
" skins and light hair, etc." People of this race living in north 
eastern Europe are of lighter complexion generally. Instances of 
reversion from absence of the cause occur in. Malabar and Cochin 
China where the recently arrived ai*e designated as the white and 
those of long residence in the country as the black Jews. The 
direct eflfect is exemplified by the light colored races of the ele- 
vated regions of India, Abyssinia, or the interior of Africa which 
present most marked contrasts \Vith the dark ones by which they 
are surrounded. 

In South America the Aucheniaa (Vicuna and Guanaco), the 
Agoutis, Viscachas, and smaller rodents of the plateaus of the 
Andes have average coloration similar to that of the plains of North 
America, and show the whitening eflfect on the abdomen. 

Of the North American mammals the Moose, Bison, Musk Ox 
and Peccaries, inhabiting the forests, thickets and unreflecting 
dark-soiled grass-producing valleys, wear the darkercolors and do 
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not become whiter on the belly. The principal character by which 
the Mountain Bison, inhabiting the valleys and groves among 
the foothills of the ranges is distinguished from the Bison of the 
plains is said to be a somewhat darker color. The Caribous 
(Rangifer) of the woods are darker than those of the mountains 
or the far north ; the latter are more white beneath and have whiter 
colors for winter. 

Cervus macrotU of Colorado and Wyoming is hardly as dark as 
C, virginianus or C. mexicanus; they are light below and vary to a 
lighter gray in winter. The Rocky Mountain Sheep and the Prong- 
horn Antelope of the plains are very like in colors ; both are light 
brownish gray, lighter below, and are not so dark in winter. 

The Rocky Mountain Goat {Aplocerua montanus) from the 
summits is uniform whitish. The Polar Hare is white in winter ; 
adults in summer and the young are brown or plumbeous ; the fur 
bleaches to the roots. Southward the rabbits become a more or 
less perfect white in winter. Still farther south on the prairies of 
Illinois, Wisconsin, Minnesota, and Iowa they become light gray, 
and, as Pennant expresses it, '^From New England southward 
they retain their brqwn color the whole year." 

Sometimes it is the case that at the time of losing the hair 
various mammals appear darker below from the appearance of the 
new and colored hair on that portion of the body before the loss of 
the old coat, by which it is hidden, on the flanks and back. 

These instances will be sufficient to show the extent of the vari- 
ation. Its tendency is to bring the colors of the animals to agree 
with those of its surroundings ; for this reason it has been classed 
as protective coloration, notwithstanding the fact of its occurrence 
on all the species of a locality whether in need of protection or not. 
Since the effect is not produced suddenly it is natural that ex- 
ceptions should exist. 

The very disagi-eement of color, with that required by the local- 
ity, in a species which has migrated at a recent date may often 
render important service in tracing its wanderings. While in case 
of the removal of a species of Lepus the change of color might be 
brought about in a short time, for a species of another genus less 
susceptible a long period would be necessary, and at any time 
previous to agreement with the demands of the locality it might 
be recognized as a species out of place. An excess of darkness 
or of lightness in the coloration would immediately suggest a 
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region of less or of greater reflection as the former home. This 
law of conformability is accepted in our practice. There is no 
question as to the forests of the tropics being the home of the 
negro ; on the plains, deserts or in the polar regions he would at 
once be considered an exile. Whatever may have been the original 
color of mankind, though we have little or no reason for supposing 
it was other than black, no one thinks of looking elsewhere than 
to the mountains and plateaus, regions of abundance of reflected 
light fbr the origin of the white race ; and the colors of men are 
not usually thought of as having been selected by them for purposes 
of protection. 

The eflfects of reflected light have not been unnoticed by natur- 
alists. In 1747 Drage, the Clerk of the California, noted it in the 
northern Hare. Sir John Richardson remarks of the same animal 
in 1829 : '^ After a caref\il examination, however, of many speci- 
^^ mens in different states, I agree with the Clerk of the California, 
*' in thinking that the change to the winter dress takes place by a 
" lengthei^ing and blanching of the summer fur ; whilst the change 
'^ in the beginning of summer consists in the winter coat falling 
" off during the growth of the new and colored fur." 

Previous to 1870 Professor Baird had several times called at- 
tention to the paler colors of the birds of the arid regions of the 
plains and lower California. 

In 1872 Mr. Allen, in a paper read before the Boston Society 
of Natural History, entitled *' Geographical Variation in North 
American Birds," speaks of it more directly. He says, to use his 
own words, ^^ Humidity alone, or in conjunction with greater 
' '^ intensity of light, seems equally well to account for the increase 
^' of color to the southward, yetyfrom the well known bleaching 
^' effect of sunlight, intensified by reflection, upon the colors of 
" animals living upon sandy islands, and sea beaches, and desert 
^'interior regions, it seems doubtful whether the large share of 
*' modification in intensity of color in birds may not be due to 
'* humidity alone, or to humidity and a high temperature together, 
** rather than to intensity of light." Again, in 1874, at a February 
meeting of the same Society, in a paper ^^On Geographical Yari* 
ation in Color among North American Squirrels," he speaks of what 
he terms ^'the laws of (1) the enlargement of peripheral parts to 
'' the southward ; (2) of the increase in intensity and extent of 
*' dark colors at the southward ; and (3) increase of color with 
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*^ increase of humidity or- the correlation of intensity of color with 
^^ the mean annual rainfall." And farther along in the same paper 
he says, '' In respect to the correlation of intensity of color with 
*' the degree of hamidity, it would perhaps be more in accordance 
<*with cause and effect to express this law of correlation as a 
*' decrease of intensity of color with a decrease of humidity^ the 
^'paleness evidently resulting from exposure and the blanching 
*^ effect of intense sunlight, and a dry, often intensely heated 
"atmosphere." It is scarcely necessary to remark that these laws 
as far as they have to do with the variation in color are not of gen- 
eral application. 

Although appearing to account admirably for its presence on the 
land, in the waters degrees of humidity and dryness are out of 
the question, yet there as on the land in localities similarly con- 
ditioned as regards reflection we see the same lack of darlniess in 
coloration. 

In northern Africa the blanching effect is accompanied by intense 
heat, but in the United States on the plains the season in which 
the variation is greatest is the coldest, and in the water as on the 
land the bleaching goes on regardless of temperature. There is 
sufficient evidence that humidity and dryness and heat are not 
causes in that the variation is similar on the hot dry sands and the 
cold damp snows. Moisture seems to be only an indirect agent 
in that it promotes the growth of vegetation which lessens the 
possibility of reflection. 

Professor Cope, also, adds the weight of his testimony in re- 
spect to the existence of this variation among the reptiles, and as 
he credits it to a different cause I may be pardoned for quoting his 
words. On page ninety-four of the first Bulletin of the U. S. Na- 
tional Museum occurs the following: " Another character of the 
*^ reptilian life of arid regions is to be seen in a peculiarity of color- 
*^ ation. This, which has been already observed by the ornitholo- 
^' gists, consists of a pallor, or arenaiceous hue of the body, nearly 
" corresponding with the tints of dry or sandy earth. This prevails 
" throughout the Batrachia and Beptilia of the Sonoran region, 
" although it is often relieved by markings of brilliant color, of 
<^ which red is much the most usual. This peculiarity doubtless 
"results immediately from the power of metachrosis, or color 
" change, possessed by all cold blooded vertebrata by means of 
" which they readily assume the color of the body on which they 
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^^ rest. That a prevalent color of such> bodies should lead to a 
^' habit of preference for that color is necessary, and as such habits 
*' become automatic, the permanence of the color is naturally es- 
^' tablished." If the Reptiles and Batrachians possessed this power, 
which we cannot admit to have been established in the case of a 
single species, it would still b"^ to account for the same variation 
among fishes, birds, mammals, insects and the balance of the an- 
imal kingdom. There is no appearance of urgent necessity de- 
manding that the lower animals should be less at the mercy of 
their surroundings than the higher, and there is no reason for cred- 
iting them with power to achieve for themselves results which in 
the higher are accomplished by force of circun^stances. It is 
obvious that the power of color change is not possessed by the 
bird, yet it experiences the same variation in the same locality, 
has equal necessity and is considered to be descended from rep- 
tilian ancestors. The same result obtained in the same locality, 
under the same conditions by animals having so much in common 
would lead us to ascribe it to the same cause in each instance. 

The effect is a general one and not to be accounted for by dif- 
ferent special causes or adaptations in particular groups. It con- 
sists in a blanching of the coloration of the fauna of one locality 
as compared with that of another ; also a blanching of the indi- 
viduals of some species at a certain season of the year, and of one 
part of the body when contrasted with another on the same 
individual. 

Land animals or Chose of the water in localities where there is 
DO reflected light are not affected by the variation ; the amount of 
the variation increases directly as the amount of reflection ; it is 
greatest in the locality of greatest reflection ; in any locality is 
greater in that part of the year in which there is most reflection, 
and on the body is greatest on the part most exposed to the influ- 
ence of reflected rays. The phenomena to be accounted for are a 
decrease in depth of color from the forests and dark soils to the 
sandy plains and snows, a general decrease of darkness of color 
from the equator to the poles, and lighter colors in winter in re- 
gions affected by snow, lighter colors over the lighter colored bot- 
toms and a general decrease in darkness of color toward the 
equator in the waters, and a decrease in depth of coloration on 
the ventral surfaces in the majority of species on land and in 
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water. They are accounted for by the blanching effect of reflected 
light. 

In this hasty manner I have endeavored to suggest what appears 
to me as the action of a physical agent, the operation of one of 
the laws of circumstances or environment which go so far toward 
adapting the animal to its habitat -and which are ever selecting, 
augmenting and perpetuating from the many variations so fre- 
quently occurring the few which for some reason or other are 
fitted for survival. Tliough a law of this character, or that of the 
correlation of the density of pelage and plumage to the amount of 
hcrat radiation from the body, would direct the course and limit the 
amount of selection yet it could be in no way inimical to orthodox 
evolution. Those naturalists who are averse to centralization of 
power in the hands of a being of whose will all of nature's laws 
are merely the expressions, find opposition to la^^ one of the ne- 
cessities to their existence as such which, it can hardly be doubted, 
will be lost to them as science acquires a better acquaintance with 
nature's self. As long as we must admit that the forces which at 
a particular time and place called into existence and built up "a 
branching series" were equally competent and likely under favoring 
circumstances to start and develop a number of series in various 
places at the same or different times, and that all which has been 
thus far adduced in favor of evolution supports a belief in various 
centers quite as well as that of a common point of divergence, a 
positive assertion that all classes of animals are descendants of a 
common ancestor is unwarranted. But, wliether the different 
animals now in existence have descended from a common ancestor, 
having left sooner or later as the case may have been the trunk or 
some branch of the genealogical tree, or each kind has retained its 
individuality through all the stages of its existence and develop- 
ment from its very beginning, it is certainly the case that we are 
able to account for the phenomena of variation in animated nature 
more satisfactorily and in greater number by means of the action 
singly or combined of the physical laws which govern the universe 
than by Selection, itself subject to their control. 
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On the History op the Crtstalline Stratified Bocks. By 
T. Sterrt Hunt, of Boston, Mass. 

ABSTRACT. 

The speaker referred to the views as to the origin of the crys- 
talline stratified rocks of North America which he had advanced 
in his address to the Association in 1871, and then proceeded 
to refer to the history of opinion on this subject in Europe and 
America. Those whose memory goes back a quarter of a century 
will remember that the crystalline formations were included under 
the two categories of erupted masses and crystalline schists. To 
the former were referred a great part of the gneisses, tfee hyperite 
or norite rocks, the serpentines, and all the feldspathic greenstones, 
including diorites, gabbros and diabases, which occur in association 
with these; while the various, micaceous, chloritic and talcose 
schists were regarded as the result of the action of these eruptive 
rocks upon ordinary uncrystalline sedimentary strata ; the reaction 
of which upon the igneous rocks had, however, at the same time 
profoundly altered the latter. By this double hypothesis of a meta- 
morphism alike of the eruptive and the sedimentary rocks, it was 
attempted to explain the great diversities offered by the crystalline 
formations. This notion required the presence of great quantities 
of eruptive rocks, and accordingly all the more massive of the 
crystalline formations were included in this category, while the 
schistose crystalline rocks were regarded as contact-formations; 
the appearance of stratification among these massive rocks was 
conceived to be due to other causes than aqueous deposition. 
Such views are not yet obsolete, but are, on the contrary, held to 
a greater or less extent on both sides of the Atlantic, and still 
color the geological descriptions of the most eminent authorities ; 
although an intelligent study of the relations of the truly eruptive 
rocks, which are so often found included in uncrystalline sedimen- 
tary deposits, affords sufl3cient evidence to refute this ancient theory. 
He then proceeded to show how the Canadian geological survey, 
as early as 1847, distinguished two stratified, but discordant divi- 
sions in the crystalline formations of Lake Superior, Lake Huron, 
and the Ottawa, and maintained the aqueous origin and stratified 
.character of the so-called granites, syenites, and serpentines of these 
' * two series, to which, in 1854 and 1855, were given the now univer- 
^^ sally recognized names of Laurentian and Huronian. That the 
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rocks of the second series occur in the Appalachians was early 
apparent, and was noted soon after by Rogers, in his Geology 
of Pennsylvania. Inasmuch, however, as the study of the strata 
in northern New York showed nothing, at the out-crop, between 
the basal beds of the uncrystalUne formations and the old granitic 
gneisses, there was a general disposition on the part of American 
geologists to maintain that the whole of the crystalline formations 
east of the Hudson, which were clearly distinct from these gneisses, 
could be no other than the members of the New York paleozoic 
system under peculiar conditions, due in part to original deposi- 
tion and in part to subsequent alterations. This view was sub- 
sequently adopted by Logan, who maintained that the crystalline 
rocks in eastern Canada are altered paleozoic. The fossiliferous 
strata, supposed to be the equivalents of these crystalline rocks, 
however, include in the vicinity of Quebec, fragments of the latter, 
which, according to the speaker, are of Huronian age. 

Later, the geological survey of Canada studied the so-called 
hyperite, norite or labradorite rocks, which by Emmons, in northern 
New York, had been regarded as of igneo^us ovigin. They were, 
however, shown to constitute a distinct stratified series, resting 
unconformably upon the Lauren tiaii^ and provisionally named. 
Upper Laurentian. Xt is not as yet certain what relation they 
sustain to the Huronian ; that is, whether they are older or 
younger than it, and they have since been designated the Norian 

, ' series. The rocks of this series are. found over considerable areas 
in Canada and New York. 

Still another series, very distinct both geologically and geo- 
graphically from those preceding, is that of the. gneisses and mica- 
schists of the. White Mountains, of Manhattan Island, of Phila- 
delpbia and of Washingtont to which the name of Montalban has 

"^ been given by the speaker, and which, in the present state of our 
knowledge, appear to be of less antiquity than the Huronian. 
Besides these must be mentioned the granular quartzites, the slates 
and the limestones which, together, make up the chief part of 
this original Taconic of Emmons, and constitute still another well- 

• defined division of the crystalline rocks. It is not at all certain 
that these five divisions include the whole of the crystalline strati- 
fied rocks, but in the speaker's opinion all of these may be pro- 
visionally included in them. These crystalline series form the 
region of the Laureutldes and the Adirondacks, and also, for the 
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greater part, the Atlantic belt. This, however, includes in New 
Jersey and in southwest Virginia, certain areas of uncrystalline 
lower paleozoic strata separated from the Allegheny belt by the 
great Appalachian valley, and holding in their conglomerates 
pebbles derived from the adjacent crystalline formations. 

These great divisions are not confined to our continent, but are 
finding recognition abroad, where, as I have long since pointed out, 
the Laurentian, Huronian, Montalban and Norian, all appear with 
their characteristics. Gastaldi, in a paper published during the 
present year, declares that the basal rock-formations, both of the 
Alps and the Apennines, consist of Laurentian gneisses, overlaid 
by a vast series which, in opposition' to the Views of most European, 
geologists who had regarded them as altered strata of more recent 
date, he declares to be pre-paleozoic, and refers to the Huronian. . 
The mineralogical and lithological characters of the crystallfne 
rocks have, according to him, a constant and definite value, as 
marking geological horizons. These conclusions of the eminent 
Italian geologist are identical with those which the speaker ven- 
tured to publish in 1871 as the result of his own studies in Alpine 
geology. The Montalban series, though found in many parts of > 
the Alps, is not recognized in the section recently published by 
"Gastaldi, who finds overlying tlie ' Htironian a vast series of 
quartzites, with more or less crystalline schists, and magnesian 
lii^estoneff including gypsums. These are not without many re- 
semblances ' to the Taconic schists and limestones, which occupy 
a similar position along the Appalachian valley, and probably 
correspond to the Hastings limestone series of Ontario, there un- , 
conformably overlaid^ by the Trenton formation ; and perhaps to a 
similar limestone series near St. John, New Brunswick, which i^, - 
according to the local geologists, older than the Lower Cambrian 
Menevian beds of that region. . , ' 

The question may be asked whether all these various crystalline 
series are to be called Eozoic. In the spifeaker's opinion it will be 
found as diflacult to driaw the line between eozoic antV paleozoic,^ 
as it is to define that between mesozoic and the paleozoic on the 
one hand and the cenozoic on the dth^r^yrhere are^no hard and 
fast lines in nature; breaks are local, and there is nowhere an ap- 
parent hiatus in the geological succession which is not somewherd 
filled. The deposition of the materials of the crystalline rocks, 
supposes conditions unlike those of pur oWn time, but not incom^ 



-^^ 



/ 



208 GEOLOGT OF EASTERN PEKNSTLYANIA ; 

patible with the existence of organic life, as is shown by the 
presence of Eozoon alike in the old Laurentian serpentinic lime- 
stones, in the newer crystalline schists of Bavaria, and in the 
Hastings limestone of Ontario, and also by the forms somewhat 
resembling Stromatopora lately discovered by Hawes in the Huro- 
nian greenstones of New Hampshire. Brachiopoda are now found 
in Europe in strata which are very far below the paleozoic base of 
our New York series, and Torell, the eminent Swedish 'geologist, 
who is with us on this occasion, has found beneath the Fucoidal 
sandstone, which in Sweden underlies the Paradoxides zone, a still 
lower division, the Eophyton sandstone, in which, besides a species 
of Lingula^ are casts, apparently of a radiate animal, to which he 
has given the name of Monocraterion* Prof. Prime has found in 
the Auroral limestone of Pennsylvania, casts which, in the opinion 
of Dr. Torell, who has lately examined them, must be referred to 
an animal generically identical with Monocraterion. These same 
limestones in Pennsylvania, which belong to the lower Taconio 
series of Emmons, have also afforded an undescribed species of 
lAngula. We look for further revelations as to the life of the re- 
mote past, but meanwhile, it does not appear improbable that this 
seemingly imperishable type of Brachiopoda may serve like the 
BhizopodSy represented by Eozoon^ as a connecting link between 
eozoic and paleozoic time. 



Geology of Eastern Pennstlvakia. By T. Stebrt Hunt, 
of Boston, Mass. 

Prof. H. D. Rogers, in his geological survey of the state 
of Pennsylvania, pointed out the great difference between the 
gneisses of Philadelphia and those of what is known as the South 
Mountain. This chain of gneissic hills, which forms the Highlands 
of the Hudson and of New Jersey, crosses the Delaware near Eas- 
ton, and extends as far as Beading on the Schuylkill. Along the 
north-west side of this chain stretches the Appalachian or Kitta- 
tinny valley, occupied in great part by the Primal and Auroral 
rocks of Rogers which, through the break in the South Mountain 
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range between the Schuylkill and the Sasquehanna, pass beneath 
the great belt of Mesozolc sandstone and gain the subordinate val- 
leys on the Atlantic side of the South Mountain chain. The rocks 
of this last, as far as the Schuylkill, are clearly Laurentian, as are 
also those of the Welsh Mountain, which stretches between the 
Schuylkill and the Susquehanna along the southern border of the 
Mesozoic belt. 

From the southern side of the Mesozoic sandstone at Norristown, 
to Philadelphia, the Schuylkill River, crossing nearly at right 
angles the stratification, affords on either bank a most instructive 
section, which has been described by Rogers as presenting in its 
northwestern portion the Primal slates and Auroral limestones, 
generally with a southeast dip ; followed by a series of gneisses, 
including micaceous and talcose rocks, having a prevalent north- 
west dip. In studying this section last year I was so fortunate as 
to recognize near Conshohocken a belt of Laurentian gneiss iden- 
tical with that of the South and Welsh Mountains, which, I think, 
serves to guide us to a better interpretation of the geology of the 
region. This Laurentian belt, which is not more than a mile in 
width on the river, separates the Auroral limestones of the north- 
west from the Philadelphia gneisses and mica-schists ; which are 
typical rocks of the Montalban series. The Laurentian gneiss, 
much contorted, and in parts nearly vertical, is succeeded on the 
southeast side, after a little interval in which the rocks are con- 
cealed, by a belt having all the characters of the Huronian series, 
in which are included the large steatite quarries on both sides of 
the Schuylkill. These are associated with dark colored serpentines, 
chloritic schists, unctuous mica-schists holding garnets, feldspathic 
and hornblendic rocks, and argillites ; the section presenting most 
of the typical rocks of the Huronian, in very highly inclined strata, 
which, from the data given by Rogers, seem to have a strike some- 
what different from that of the Laurentian gneisses ; an observation 
confirmed by my friend, Mr. Charles E. Hall, of the Pennsylvania 
geological survey, who has since examined the section. I have 
not been able to follow the succession to the southeast so as to find 
the limit between these Huronian strs^ta and the Montalban rocks 
of Manayunk and Philadelphia ; nor have I as yet been able to 
determine a point which would have much interest, namely, whether 
Huronian rocks appear to the northwest of the Laurentian belt, 
between this and the closely contiguous Auroral limestones. This 
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section along the Schuylkill has the advantage of offering within 
a short distance, and in a very accessible place, characteristic ex- 
posures of three great series of our crystalline formations. 

The intermediate position of the Huronian in this section seems 
to show that its stratigraphical position is below the Montalban, 
and it is to be noted that the dips of the great breadth of the 
Montalban strata on the one side, and of the Auroral limestone on 
the other, are towards what we may call the Laurentian axis. 
Similar xlips are to be seen in the Auroral limestones along the 
Northwest side of the South Mountain (also Laurentian), and it 
is worth inquiring how often such phenomena as these have per- 
plexed geologists, a,nd led them to assign to ancient crystalline 
rocks a less antiquity than belongs to them. It would seem as if 
the Laurentian gneiss had formed a barrier, by the resistance of 
which the unconformably overl3ing formations have been thrown 
into folds, and in many cases faulted, so that they are made to dip 
on either side towards the axis. 

The Primal slates and sandstone of Rogers, which underlie the 
Auroral magnesian limestone, present many points of great interest. 
In some places, as at Chickis on the Susquehanna, and below 
Reading on the Schuylkill (where they are seen to rest on the 
Laurentian), they are apparency several thousand feet in thickness ; 
while elsewhere, along the South Mountain, their only representa- 
tive is a few feet of detrital sandstone interposed between the 
Auroral limestone and the gneiss. This overlapping shows that 
the two formations, if not actually unconformable, were deposited 
under very different physical conditions, and that a great subsi- 
dence of an ancient shore-line took place in the interval between 
the two. 

The crystalline character often observed by these so-called Primal 
strata was noticed by Rogers, who ascribed it to their subsequent 
alteration by intrusive rocks. A careful study of this series has, 
however, convinced me that its detrital beds include, in many parts, 
deposits of chemical origin, such as bed« of crystalline magnesiai^ 
limestone, often holding serpentine, chloritic, steatibic and mica- 
- ceous schists, and especially great beds of magnetic and more rarely 
. specular or red hematite iron ores, of which the Cornwall, Boyer- 
town and Dillsburg deposits are examples. The aspect of these 
ores, and their associated rocks, is unlike that of the other crystal- 
line series already mentioned, and I believe that these Primal slate§ 
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constitute a newer and distinct formation of crystalline strata. The 
schistose strata intercalated among the Auroral limestones, par- 
take of the mineral characters of the Primal slates, which, from 
their soft unctuous nature, were formerly called magnesian, though 
this quality is due, in great part, to the presence of a hydrous mica. 
These strata include deposits of carbonate of iron, and others of 
pyrites, from the alteration of the one ^nd the other of which, in 
the deeply decayed portions of these strata (now converted into 
clays) have been formed the great quantities of hydrous iron ores 
which characterize, throughout the whole extent of their out-crops, 
the Primal and Auroral strata. These are the Lower Taconic rocks 
of Emmons. 

To the south of the Susquehanna, the Sp.uth Moufitaip,''alm6st ^ 
eflfaced between this river and the Scliuylkill, reappears, and thence 
stretches southward 'to the Potomac, beyond which it takes the ^ 
name of tbe Blue Ridg^'. In this portion, so far as I am aware, it 
shot^s no Laurentian north of the Potomac, but consists of Mont- 
alban and Huronian, the latter constituting the strata at Harper's 
Ferry, and for some miles to the eastward along the Baltimore and 
Ohio K. R. In the southern part of Pennsylvania, to the west of 
Gettysburg, this mountainous belt, rising between the Mesozoic on 
the east and the great limestone valley on the west, presents an 
immense development of a peculiar type of crystalline rocks 
which I detected there last year, and which has a considerable 
geological importance. It is a bedded petrosilex, graj^ish, reddish 
or purplish in color, sometimes granular, but more often jasper- 
like in texture, and frequently porphyritic from the presence of 
small crystals of orthoclase-feldspar or of glassy quartz. There 
is here found a great breadth of this rock distinctly bedded, pre- 
senting different varieties, and alternating with dioritic, or diabasic, 
epidotic and chloritic rocks, with argillites, in which are sometimes 
included thin beds of the petrosilex, — the strata generally dipping 
at high angles to the southeast. These petrosilex beds, with their 
accompanying rocks, are identical with those which I have described 
as occurring on the eastern coast of New England, and farther 
northward along the Bay of Fundy in New Brunswick. They are 
well seen at Lynn, Saugus and Marblehead in Massachusetts, and 
also on the shores of Passamaquoddy Ba}'^, where they are inter- 
stratified, as in the South Mountain, with rocks having the char- 
acters of the Huronian series ; to which great division I have 
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provisionally referred these bedded petrosilex rocks, with the sug- 
gestion that they probably occupy a position near the base of the 
series. * 

This petrosilex is identical in its lithological character with the 
halleflinta^ or stratified flint-rock of the Swedish geologists, which 
is by them assigned to a similar position, that is to say, just above 
the most ancient gneisses. It is remarkable as being, in that 
country, the rock which encloses the most considerable deposits of 
crystalline iron ores; those found in the underlying gneisses in 
Sweden, being less important than those of the halleflinta. This 
relation has the more interest because, as I have elsewhere pointed 
out, it is the same petrosilex (sometimes associated, as at Pilot 
Knob, with argillites) which contains the rich specular and mag- 
netic iron ores of southeastern Missouri, and of which the lith- 
ology has been so well described by Pumpelly and Schmidt. 
Similar iron ores, but as yet in insignificant quantities, occur in 
the petrosilex rocks on the coast of Maine and in eastern Mas- 
sachusetts. I may also note that I have observed bedded petro- 
silex rocks like those just noticed, to the north of Lake Superior, 
both in an island south of St. Ignace and on the adjacent main 
land. The conglomerate or breccia which, in the rocks of the 
Keweenaw series on the south shore of this lake, includes the 
native copper of the Calumet and Hecla and the Boston and 
Albany mines, is also made up of the ruins of a precisely similar 
petrosilex-porphyry. 

These peculiar rocks, which make such a conspicuous figure in 
the South Mountain of Pennsylvania, south of the Susquehanna, 
are of interest economically, from the fact that they are, in other 
regions, the repositories of rich iron ores, and also because they 
afifbrd ornamental porphyries of rare beauty, similar to those 
wrought at Elfdalen in Sweden. Polished porphyries, from this 
series of rocks and porphyry-conglomerates, are now exhibited 
from Massachusetts in the United States government building of 
the International Exhibition in Philadelphia. 

I owe the opportunity to make these observations in Pennsylvania 
to the Commissioners of the Second Geological Survey of the 
State, and in my forthcoming report to Prof. Lesley, the director 
of that survey, I propose to discuss in detail the facts which I thus 
concisely bring to the attention of the Association. 
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On the Origin of Mineral Veins. By Charles Whittleset, 
' of Cleveland, Ohio.* 

Although many able treatises have been written upon the 
processes of mineral segregations, the subject does not appear to 
be exhausted. A correct understanding of these pix>cesses is not 
of scientific interest alone. 

It has also a practical side which is worthy of attention.- 

Dr. T. S, Hunt has recently treated the question of chemical 
solutions in a masterly manner; but beyond this, there lies the 
question of the transportation of atoms; resulting in a concen- 
tration of mineral in lodes, fissures, and other centres, where it 
becomes available to man. It is not difiScult to explain the qrigin 
of fissures, faults, floors, and other places where mineral is lodged. 
They may, in general, be traced to mechanical disturbance. A 
fracture once commenced may be increased by the process of its 
own deposition, which includes crystallization, a powerful expan- 
sive force, analogous to the freezing of water. 

Fractures may be deepened and extended in this way. The 
wall rock of a vein is ftrequently decomposed, forming flucan, 
which gives greater width to the crack, while the process of filling 
is going on. What is the agent or force by which these ispaces 
are filled? One law must govern all such deposits, or the result 
could not be so uniform. 

Chemical afilnity plays an important part but does not explain 
all phenomena, and this mode of action, is itself, probably due to 
electricity. My object will be to show that electricity in some of 
its manifestations, may be regarded as the principal agent, or force, 
which accomplishes the filling of veins. I shall use this term in 
its general sense, to cover galvanism, electro-magnetism and all 
other modes of electrical action. It may not be a vital force, but 
is a necessary, all-pervading, and vital agent. 

It exists, not alone in the mineral kingdom, but in its gentler 
forms is present in the vegetable and the animal kingdoms. 

The tissues of plants and animals are so constructed as to form 
galvanical circuits, which appear to play incessantly in the germi- 
nation, growth, and perfection of organic substances. 

The term fissure, or fissure-vein will also be used generically ; 
embracing balls, vugs,' stock-werks, floors, and bunches ; as well 
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as true veins. The universal presence of electricity being admitted 
or accounted for, its effects on mineral solutions are well known. 

In the use of the telegraph battery, the copper of the solution is 
separated, and forms on the jars in a crystalline form. 

Experiments upon muddy mixtures by introducing wires attached 
to galvanic batteries, have produced artificial veins. Undoubtedly 
atoms of simple substances, are in different electrical conditions as 
a permanent law of matter. Combinations of primordial atoms 
known as alloys, oxides, acids, and sulphides, must assume new 
conditions in this respect. 

. The contact of atoms or of their combinations, must alike change 
their electrical, and consequently their chemical conditions. In 
masses of matter there is another source of excitement and dis- 
turbance, which is everywhere present on a greater or less scale. 
I refer to the unequally heated condition of the solid, liquid and 
gaseous portions of the earth. This . cause produces mechanical 
force every day, in the form of lightning. 

In the phase of magnetic action, motion and momentum, are 
imparted to metallic particles and to machinery. Galvanic bat- 
teries applied to a solution, or chemical combination, not only 
change its conditions, but produce motion and concentration. 

On the side of magnetism we may consider the earth as an 
incessant exciter, through the unequalled heated state of its central 
parts, compared with the surface. Heat which is an indispensa- 
ble factor is everywhere present. 

Wherever there are vacancies in rocks, great or small, sub- 
jected to changes of temperature, these spaces are filled with trans- 
ported matter. 

The conglomerates of Lake Superior, frequently have the inter- 
stices between the pebbles filled with native copper, epidote, calc 
spar and iron pyrites. This outside matter must in this instance 
be concentrated by the same agent, as the contents of fissure-veins. 
All that is necessary to such a process is an open space to attract 
the deposit, while the galvanic forces are circulating it. On the 
earth's surface the equatorial zones are at a higher temperature 
than the temperate ; and the temperate, than the arctic. 

Between summer and winter there is a change both on land and 
water, extending to moderate depths. In the ocean the wide-spread 
circulation of its waters produces variety of temperature, as it has 
from the era of the first sedimentary deposits. 
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The slow bat steady effects of a changeable temperature, in waters 
containing mineral solutions, impinging upon rocks differently 
heated, must also be taken into consideration. Many of the metals 
found in sea water go to form part of the sedimentary strata, which, 
while being deposited were under galvanic influences. Sediments 
laid down upon igneous rocks have different conducting qualities 
from them, and produce mineral deposits along the line of contact. 

Dykes and overflows of lava produce metamorphisms, not only 
by contact heat, which involves electrical action, but at a distance, 
in modes which cannot be accounted for by direct action. The 
difflculties which present themselves to many minds in finding a 
suflScient supply of galvanic force, may be overcome by considering 
the wide-spread effects of changes of temperature. Throughout 
the globe these changes are incessant. 

Where winds blow against mountains which are generally cooler 
than the atmosphere, thunder-storms are produced for which the 
explanation is evidently, a disturbance of the electrical equilibrium. 
I have witnessed on Lake Superior and at Washington City, in 
mid-winter with deep snow on the ground, a warm south wind give 
rise immediately to lightning and heavy thunder. In warm elimates 
during the summer, light thunder-storms occur nearly every day, 
about 2 o'clock, p. m., when the sun is at its greatest force, pro- 
ducing local, and unequally heated currents of air» As the sun 
moves in declination north or south, it is followed by a movable 
line of storms parallel to the equator. 

These may be traced to the same cause as local storms ; that 
is, to unequally heated portions of the atmosphere. 

I have observed the magnetic needle on bare rocky surfaces 
seriously disturbed about mid-day, evidently due to local electrical 
disturbance. The diurnal motion of the needle is probably due to 
the changeable condition of the earth, and the atmosphere during 
the day. 

Volcanoes^ when ashes and lava are ejected in large quantities, 
give rise to local thunder-storms around their summits, when the 
adjacent region is clear and quiet. 

Electricity made manifest by friction in the common case of 
friction with amalgam and glass, woollen and silk, cloth or the fur 
of animals, may be explained by the unequally heated condition 
of those articles. When fires are started in stoves a crackling 
sound is frequently heard in the pipe, which resembles that of the 
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electrical spark jH'oduced artificially. These familiar instances 
show that slight changes of temperature disturb the electrical 
equilibrium of many substances. 

When such disturbances, are difiiised through extended portions 
of the earth with its varied strata, and variable conducting capac- 
ities, the currents must not only be powerful, but must settle into 
permanent courses or channels. 

If electricity is a sufScient agent, and unequally heated bodies 
are its exciters, there is a perpetual force in action, which only 
requires time, to produce the effects which we observe in mineral 
deposits. 



. .'I 



On the Obioin of Kames ob Eskebs in New Haufshibe. By 
Wabben Upham, of Nashua, N. H. 

The river-lands of New Hampshire, composed of modified drift 
and alluvium, have been carefully studied and mapped as one por- 
tion of the work of the State Geological Survey. These include 
bottom-lands, here called intervcUSy and terraces, rising in steps, 
the highest of which often forms extensive plains. All these 
are of fine gravel, sand, clay, or silt, levelly stratified. Ridges are 
jalso frequently found, showing an arched, iiTegi^lar .stratification, 
arid composed of layers varyinff from sand to very coarse water- 
worn gravel, with pebbles Iwp qc three feet in diameter; Wherr 
ever the ordinary, fine alluviuiii ha^s beea deposited, it overlies or 
in part covers the gravel ridges, which are there^bre the oldest of 
our modified drift deposits. Siinilai? ridges of gravel have been 
often described by European geologists, under the various names 
of JSam^^ in Scotland) JS?sA;er« in Ireland, and asar in Norway and 
Sweden. 

As the work of exploration progressed, a large portion of the 
facts noted, so far as pertainibd to the plains, terraces^ and bottom- 
lands, including all the Jevelly stratified alluvium J seemed to be 
readily explained. These deposits are so intimately associated 
with the Kames or Eskers, that a short description of them is 
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needed to render the mode^ of occurrence of the latter more clear. 
Along the Connecticut River, which separates New Hampshire and 
Vermont, for a distance of 120 miles south from Fifteen-miles 
Falls, and thence extending south into Massachusetts, and on the 
Pemigewasset River, which is the name applied 4a the upper 
portion of the Merrimack, ihe terraces are very numerous^ fre- 
quently four or five on a. side, and reaching a height of 100 to 200 
feet above the stream. In the upper Gonnecticitt valley and on 
the Mc^rrimack River, the alluvium principally consists of the 
bottom-land and the high terrace or plain, which averages about 
100 feet above the river. Both the terraces and intervals have a 
slight descent with the valley, that of the highest terrace showing 
firequently a very regular slope. On the Merrimack and Pemige- 
yrasset rivers for ninety-six miles, this slope is 5 to 15 feet to a 
mile, rising from 160 to 750 feet above the sea, being steepest in 
the upper portion l^f its course. On the Connecticut River for 
120 miles north from Massachusetts line, the slope of the highest • 
terrace is less steep and less regular, rising from 350 to 650 feet 
above the sea. The alluvial deposits are then interrupted by the 
Fifteen-miles Falls, where the river seems to have cut a channel 
for itself through glacial drift, of till. Above these rapids the 
alope of the upper terrace rises with the valley irf forfy-ftve miles 
from 85d to 1 100 feet, above the sea, aver j^ng 54- feet to a mile. 
It is noticeable that the slope of the highest terrace is more reg- 
ular than the present descent of the river, in which falls or rapids 
alternate with long distances that are nearly level. 

The date of aeposition of these ajilu vial deposits Spears to havQ 
been at the melting of the great northern ice-sheet, which had 
accumulated deep enough to cover every mountain summit in New 
Hampshir^^. That it overtopped Mt. Washington has been recently 
discovered by Prof. C. H. Hitchcock, the State Greologist, who has 
found tr^sported. rocks, knd' shown that glacial drift or till under- 
lies the angular \)locks at the suminit. The return of a warmer 
climate gradually melted this great ice covering, t^e last of which, ^ 
like the snow in spring, must have rapidly disappeared. The finer 
materials carried by rivers flowing from the melting glacier, and 
brought down in the greatest abundance by every stream as soon 
as the ice had gone, rapidly filled the valleys with great depths of 
fine -gravel, sand, and clay. There seems to be no need of sup- ^ 
^posing these strata to have been formed in arms of the sea, or in 
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lakes prodaced by any barriers, as of ice or of drift-materials, 
which might have obstructed drainage. None of the facts observed 
require any deep submergence or any different conditions in this 
respect from those which now exist ; and it is probable that these 
thick deposits accumulated in the ,same way that additions are 
made to bottom-lands by high floods at the present day. The 
melting of the great ice-sheet supplied both the vast amount of 
material and of water for sweeping it into the valleys, filling 
them to the level of the highest terraces or plains. Since that 
time the rivers have been at work excavating deep and wide chan- 
nels in this alluvium, and the terraces mark heights at which the 
river during this process has left portions of its successive flood- 
plains. These conclusions are the same with those which had been 
announced by Prof. J. D. Dana, based on an examination of the 
alluvial deposits of Connecticut. The plains, terraces, and bot- 
tom-lands, which are thus clearly explained, constitute the larger 
portion of the modifled drift in New Hampshire. 

There remained dtill uninterpreted the remarkable ridges, similar 
to the Karnes or Eskers of Europe, composed of arched, irregular 
l&yers of sand or gravel, fine or often very coarse, and in so'me 
places containing occasional angular boulders ; which are found in 
New Hampshire, sometimes a single one extending continuously 
for many miles along the lowest portion of a valley, or elsewhere 
short and several parallel to each other, or in very irregular mounds 
and ridges with hollows enclosing small ponds. These ridges, or 
remnants of them, exist on almost every river in the State. Their 
position is generally along the middle or lowest part of the valleys, 
which are bordered by high ranges of hills ; but in the southeast 
part of the State, in some parts of Maine and in eastern Massa- 
chusetts, where there are only scattered hills with the valleys not 
much below the general level of the country, these ridges, of 
smaller size than in the great valleys, are found extending usually 
north and south without special regard to the present water-courses. 

Similar ridges have been described by geologists in many por- 
tions of the northern United States, and it is probable that, if more 
attention were given to surface geology, they would be found 
common throughout the whole area t)iat was covered by the conti- 
nental ice-sheet. In the valleys of our two largest rivers, the 
Connecticut and Merrimack, they extend for long distances, but 
had never before been noticed by geologists, owing to the large 
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amount of levelly otratifted alluvium, forming the conspicuous 
terraces and plains, by irhich these nnderlying gravel ridges, or 
Karnes, are often nearly concealed. If we imagine this later 
alluvium not yet deposited in the valleys, which then contained 
only tUe Kame extending for miles'tn' a bigh continuous ridge with 
steep sides, we shall have the problem that was to be solved. 

The explanation commonly offered by geologists in this conntry 
and in Europe, but which has plainly seemed to them in many 
respects unBatisfactOrj,. is that these Karnes or Eskers have been 
■ heaped up and formed into ridges many miles long, or elsewhere .; 
into the most irregular mounds and ridges with hollows, through 
the agency of marine currents during a submei^cnce of the land., , 
This theory seems wholly unequal to the'task of accounting for 
such Karnes as exist in the valleys of the Connecticut and Mer> 
rimack rivers, which, being bordered on both sides by high hills, 
must have formed long estuaries, open to the sea only at their 
mouths, and therefore not affected by oceanic currents. ■ The expla- 
nation of these ridges or Karnes, which has seemed to satisfy all ' 
the facts observed in New Hampshire, and which it is hoped may 
add to the correct understanding of this subject, refers th^eir orjgia ■ 
to glacial rivers. Through the whole glacial period, rivers probably 
existed to some exteul beneath the ice, but their volume and 
' strength of current became greatly increased during the final 
melting of the great ice-sheet. In many instances these probably 
filled deep channels along lines of depression upon the surface of 
the glacier, which at the last part of the melting would coincide 
nearly with our present valleys, or oftener probabl; 
for themselves great tunnels beneath the ice, seeki 
the lowest land for their route. By these glacial 
flowed beneaUi or' pn the surface of the ice, tlisoharg 
supplied by its melting, there were deposited from i 
q£ winter layers of sand, from the strong current 
layers of gravel often very coarse; which would be v« 
bedded, here sand and there gravel accumulating, and 
order interstratified with each other. At the melti; 
walls on each side of these glacial rivers, Ihe mittsrii 
collected to a great depth in their channels, were l^i 
a section of which would show an irregular'' anticlinal 
Where mounds or irregular short ridges occur, sho 
composition and stratificattoii that they are of the sa 
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the longer Karnes, they have probably resulted from the rapid 
deposition of these rivers as the last of the glacier was melting^ 
ridges and irregular masses of ice having existed where there are 
now hollows or ponds. These irregular accumulations of sand 
and gravel were many years ago attributed to similar causes by Dr. 
Edward Hitchcock, who accordingly named them Moraine terraces. 
The occurrence Of occasional angular boulders enclosed or oq the 
surface of the Karnes, is readily explained, as the course of these 
rivers was probably in most cases beneath the glacier, and they 
would be dropped from the melting of the ice overhead. After- 
ward, when the ice had wholly disappeared, many of the valleys 
were gradually filled, and the Karnes covered, as already shown, 
with Icvelly stratified alluvium. 

The course of the glfl^^ial river of Connecticut.valley for a (}i8tance 
of twenty-four miles is marked by a singlA continciopjs Kame, 
frequently nearly covered by the alluvium of the highest terraces, - 
extending from Lyme, N. H.,, to Windsor, Vt. Its height is 150 
to 250 feet above the river, by which it has been frequently cat 
through as well as by tributary streams. This ridge occupies ., 
nearly the mid^e of the valley, and as the river has<2utits channel 
through the alluvium, this has been often a barrier rising steeply 
upon one side and protecting the plains behind it. In two or three 
places it has been swept away by the river for a distance of one 
half mile to one mile, and below these places the terraces show by 
their coarseness that the Kame has jiupplied a portion of their 
material. Probably this- ridge, twenty-four miles long, is but a 
portion of what formerly existed. Short remnants of similar form ' ^ 
and material occur northward at Wells River and Colebrook, the 
last at an altitude of 1050 feet above^the sea ; and southward at . 
Charlestown, Bellows Falls, Dummerston, and Brattleborongh. 
The material of the Kame in Connecticut valley is principally j 

gravel, always wfiter-wom, the largest pebbles being one td. two 
feet in diameter, with occasional layers one or two feet in thickness ? 
of coarse sharp sand. Large angular boulders are vei^ rarely 
found embedded in the Kame or upon its top. A section invari- 
ably shows an anticlinal stratification. 

In the Merrimack valley a series of Kames, always in ridges, 
sometimes a single one, but more often with irregular branches or 
several parallel to each other, extends from Loudon along Soucook 
River and the west side of Merrimack River to Manchester, a 
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distance of twenty miles. Tlieir height varies from 60 to 125 fbet 
above the river, and they are often covered, or nearly so, by the 
alluvium. These ridges are coarser than the Ka'mes of Connect- 
icut valley, consisting almost wholly of very coarse water^wom 
gravel,' with the largest pebbles three to four feet in diameter, and 
containing fewer and only thin layers of sand. The stratification is 
sometimes indistinct ; but it is anticlinaf, wherever it is shown. 

On the Soucook River and south from the Pinnacle in Hooksett, 

• >■ ■•••-'. 

these ridges of coarse water- worn gravel ariB fouhd changing for^ 
several hundred' feet .into large angular- blocks and earth with 
scaftely any water-worn pebbles, succeeded again by coarse rounded 
gravel. These portions resemble ordinary till, except that the 
blocks do not show glaciation, and they are plainly part of the 
same continuous Kame, elsewhere composed of water-worn mate- 
rials. Here the course of the glacial rivers which formed these 
ridges seemed to have been determined by medial moraines, which 
have thus become a portion of the Kame. 

Further light is thrown upon this page of geologK^al history by 
another series of Karnes, terminal moraines, and extensive plains, 
extending south from the Saco River at Conway through a narrow 
low valley to the basin of Ossipee Lake, and thence by a low 
valley extending south and southeast past Fine River Pond and 
Balch Pond into !^aine. The principal outlet during the melting 
of the ice-sheet from the southeast side of the White Mountains 
appears to have been along this line, crossing two low water-shed 
divisions. The height of the Saco River at Conway is 440 feet 
above sea ; of the water-shed between this and Ossipee Lake, 516 ; 
of the Lake, 408 j of the water-shed between Pine River Pond and 
Balch Pond, about 550. After the glacier had retreated from the 
coast it seems for a long time to have still covered the Ossipee. 
Lake basin and the valley of Pine River and Balch ponds to the 
southeast. During this time a large glacial 'river, shown by a 
Kame extending several miles along Pine River, brought down 
great quantities of gravel and sand which form extensive low plains 
stretching southeastward from Balch Pond. This Kame of Pine 
River varies from 75 to 125 feet in height, and is always cotnposed 
of water-worBsmaterials, the largest pebbles being two to three feet 
in diameter, with occasional angular boulders enclosed. Nearly 
all the modified drift along this valley, extending to the average 
width of a mile, consists of ^avel with pebbles six inches to one 
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foot in diameter, and it is* all more or less ridged, with irregular 
hollows, indicating that masses of ice still remained at the time 
of its deposition; 

After this, the glacier disappeared from the broad low basin of 
Ossipee Lake, and again for a long time had its terminal front at 
the border of the low area from which it had retreated. Its 
moraines fill the west side of the narrow valley between Madison 
and Conway. These consist of ridges and heaps of large and 
small, angular or glaciated boulders and earth, disposed with all 
.possible irregularity and confusion. These have been derived 
from the precipitous hills on the west side of this valley, and from 
the neighboring mountains at the northwest. Along the middle 
and east side of this valley, beside the railroad, these ridges are 
of vater^worn coarse gravel with inarks of stratification. The 
largest pebbles in the south portion are two to three feet in diam- 

. eterj but they are less coarse farther to the north. Occasional 
boulders are foiind embedded in these Kames. Thus at the west 
and higher side of the valley, the most irregular mounds and ridges 

^ of morainic material are found, which gradually change as we come 
to the centre of the valley to ordinary water-worn Kames. The 
distance that these extend is about six miles. At the south end 
of the valley, which was the outlet^ the Kames are very^ coarse, 
and are short and irregular. Here they are in part moraines 
modified and water-worn by the outflowing glacial river, the course 
of which in the north half of the valley is marked by a single 
conspicuous KameT 75 feet high, extending on the east side of the 
railroad foi^ three miles, its north end being at Pequawket Popd. 
This appears for a long time to have been the outlet for the melting 
of the glacier that covered the Saco valley, and the material brought 
down was spread out to form the extensive sand and gravel plains 
about Ossipee Lake and Six-mile Pond. From the comparatively 
small amount of levelly stratified drift associated wit^i.thes^ Kames, 
it seems probable that before the ice here had wholl}" disappeared, 
the present outlet by Saco River was opened and conveyed the 
later alluvium in that direction. 

Having now described the most important Kames of New 
Hampshire, it will be well to sum up briefly the reasons which we 
have for considering them the deposits of glacial rivers. From 
explorations in the Alps and in Greenland, we know that streams 
in summer are found flowing on the surface of glaciers, and that 
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falling through crevasses theste gather to form considerable rivers 
beneath the ice. At the final melting of the great continental 
ice-sheet, we must suppose that such rivers existed both beneath 
and on the surface of the ice. From the abundance of abraded 
materials which we know to have filled the ice-mass, especially in 
its lower portion, the melting must have set free great quantities 
of various degrees of fineness, to be swept down by the glacial 
streams. The swollen current, w€i must suppose, carri<?d forward 
the clay, sand, and fine gravel, to be deposited after it had escaped 
from its glacial. channel. This channel, however, would probably 
contain strata of gravel with coarse pebbles or boulders, rounded 
by the water, and occasionally mixed with layers of sand, deposited 
by the diminished currents of winter. The melting of the ice on 
each side would leave these materials in loiig ridges,' which by thie 
falling down of the slopes would assume an anticlinal stratification. 
Irregular ridges or mounds would be produced where the materials 
were deposited in hollows among irregular masses of ice. When 
the rivers flowed beneath the glacier^ as was more commonly the 
case, angular boulders would be dropped from the melting ice and 
be found embedded or on the surface of the Kame. These coarse 
deposits would be likely to resist subsequent eroding agencies, and 
might be expected to be found in the principal valleys, or, where 
these are not prominent features, extending across the country 
without regard to the present courses of streams. » 

Now these deposits, which after consideration we should expect 
as the product of the glacial rivers, are exactly what we find in 
the Kames or Eskers of New Hampshire. Their frequency in this 
Slate, and their well-marked and interesting character, point them 
out as an important portion of our records of glacial time, but 
they did not appeg-r ,to accWdwithiiny explanation which supposed 
them to have been formed by.. marine cufreilts. In Europe this 
theory has been held, as set forth, but not in full confidence, by 
Mr. Geifcie in his recent important work on the "Great Ice Age." 
A satisfactory explanation of the facts observed in New Hampshire 
and their full significance, seem to be found in referring the origin 
of these ridges to glacial rivers, and it appears that the same 
explanation will be found to apply in general to these deposits 
wherever they occur. 

Another subject of much interest in this connection has been 
also presented by these explorations in New Hampsliire. Banks 
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of sand are found at heights varying from the level of the highest 
terrace to t^ro hundred feet above it, apparently isolated on the 
hills, along the east side of Connecticut and Merrimack valleys 
and southeast of Ossipee Lake. These patches of sand are very 
conspicuous because they are often destitute of vegetation and 
blown in drifts by the wind. They vary in size, the largest some- 
times covering an acre or more And. being ten to fiffeen feet, in 
depth. Their irregularly sloping surface, not level-topped like 
the terraces, andjheir grekt elevation, in many cases 100 to 200 feet 
or even more above the highest of the regular river deposits, made 
it necessary to refer their origin to some cause different from that 
which filled the valleys with the ordinary alluvium of the terraces 
and plains. This cause appears to have been the prevailing north- 
west winds, which were probably the same at the end of the glacial 
period. The valleys being then filled from side to side with their 
original alluvial plains and being not yet covered by forest, these 
winds could have acted with more effect than at the present day. 
That this is a true explanation of these high banks of sand a,ppeara 
to be proved by the fineness of their material wjiich contains only 
particles such asf could be carried by the wind ; by their frequent 
occurrence on the east side of the valleys where they would be 
formed by the prevailing strong northwest winds, while they have 
never been found on the sheltered hills of the opposite side ; and 
by the train of sand-drifts, usually grassed over, which may be 
always found leading down in a northwest direction from the banks 
of wind-blown sand to the ordinary alluvium of the valley. Since 
the clearing of the country the upper portion of these trains of sand 
has often been carried several hundred feet onward and thirty to 
fifty feet higher. The excavation of the old drifts has been some- 
times six or seven feet in depth, as shown by great stumps beneath 
which the sand has been swept away by the wind. These dunes 
are ridged, channelled, and heaped up, in the same manner as the 
more extensive dunes of a sea-coast. Similar irregular accumu- 
lations of sand, observed elsewhere, have been often included in 
the same class with the Kames. The inland dunes which we have 
described lead to the question whether these mounds or ridges of 
sand may not have sometimes been produced by winds. In any 
case, under the explanations here suggested, it would appear that 
deposits, consisting wholly of fine sand, must be regarded as of 
different origin from the ridges and mounds, composed, mainly of 
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gravel, often very coarse, and stratified in arched, irregular layers, 
to which the names of Karnes, Eskers and Asar have been applied. 
A description of these remarkable deposits in Scotland, Ireland, 
and Scandinavia, in the ]ast of which they sometimes extend 150 
to 200 miles with tributary branches, and a full statement of the 
theories under which they have been explained, may be found in 
the very valuable work of Mr. Geikie, already cited. (See "Great 
Ice Age," American edition, pp. 209-237, p. 346, and pp. 357- 
367.) The account there given of these ridges, as to their mode 
of occurrence, their materials and stratification, and other particu- 
lars, is very full and complete ; and all the facts stated in regard 
to them in these countries seem to be simply and clearly explained 
by referring these deposits, like those described in New Hamp- 
shire, to the action of glacial rivers. 



Glacial or Ice Deposits in Boone County, Kentucky, op two 

DISTINCT AND ^WIDELY DISTANT PERIODS. By GeORGE SuTTON, 

of Aurora, Indiana. 

Upon the most elevated portion of the table-land in Boone 
County, Kentucky, at an elevation of between 450 and 500 feet 
above high- water mark of the Ohio River, or about 1,000 feet above 
the ocean, may be seen extensive accumulations of drift. This 
drift, in some places, is cemented into firm conglomerate, and caps 
the highest hills on the north side of Middle Creek, and also on 
each side of Rattling Run — a small stream entering Middle Creek — 
presenting perpendicular cliffs, varying from thirty to forty feet in 
height, making a marked contrast to the general appearance of 
this section of country, and affording a fine subject for investiga- 
tion and speculation to the geologist. 

Near the mouth of Wolper Creek, between. fi.ve and six miles 
northwest of this formation, may be seen another deposit of drift, 
also cemented into conglomerate, which overhangs the creek with 
perpendicular bluffs. This formation la more than 100 feet in 
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thickness above high-water mark, but between 300 and 400 feet 
below the deposit of conglomerate on the highlands above Middle 
Creek. The two deposits have received but little attention from 
geologists. No mention is made of them in the geological reports 
of Kentucky, and the only notice thf^t I have seen published of 
the deposits on the highlands above Middle Creek, is a brief de- 
scription by Prof. John Lock in the ^^Cincinnati Gazette," in the 
year 1845. Mr. Robert B. Warder, in the Geological Report of 
Indiana for 1872, merely directs attention to Split-Rock opposite 
the mouth of Laughery Creek as possibly being the terminal 
moraine of an ancient glacier. Prof. Lock regarded this con- 
;glomerate as the evidence of the destruction of a great arch of 
iTOoks which united the coal-fields of Ohio with those of Indiana 
:and Kentucky. He says : '^ The question arises, did this mountain- 
Arch ever exist in fact at the place of our city, or in other words, 
were the bent layers which are cut ofiT both to the east and to the 
west, ever complete and continuous ? I am of opinion that these 
layers were continuous, and that causes difficult to be ascertained 
have swept the upraised laj^ers away, leaving a level country, the 
surface of which cuts the layers of rocks obliquely and in reverse 
order both east and west of us." ♦ * « ♦ '* What has become of 
the ruins of these removed lay^ers? I am decidedly of opinion 
that the conglomerate of Split Rock exhibits a portion of them, for 
there we have the layers of blue limestone with its millions of 
chai acteristic fossils, forced up, piled chaotically together, and re- 
cemented in the fantastic heaps in which it was piled by the whirl- 
pools." 

We direct attention to these two drift formations, presenting 
evidence not of the destruction of a great arch of rocks which 
possibly at one time united the coal-fields of Ohio with those of 
Indiana, but of the transporting power of ice either by glacial or 
river action at what appears to me to be two distinct and widely 
distant periods ; both, however, since the formation of the great 
drainage lines across the continent. The deposits of the one 
period must have been made prior to the formation of the present 
Ohio Valley : the other after the river had cut down its channel to 
nearly its present depth. 

It is well-known • that the surface of the. country over all this 
portion of the lower Silurian formation, was once nearly level, or 
only slightly undulating, and that the Ohio River and small 



BT GEOBGE SUTTON. 227 

streams have cut their channels through this table-land to the 
depth of from 400 to 500 feet. 

The altitude above the ocean at the Ohio and Mississippi R.R. 
depot at Aurora is 492 feet. The depot is about ten feet above 
the high-water mark of the Ohio River, and a few miles to the 
north of the conglomerate in Kentucky. 

The table-land at Milan, about ten miles to the west of Aurora, 
is 506 feet, 10 inches higher, making the highest portion of the 
country about 1,000 feet above the ocean, and showing the depth 
of the valleys to be between 400 and 500 feet. The table-land in 
Kentucky, above Middle Creek, is probably the most elevated of 
any throughout this section of country. 

The conglomerate upon the most elevated portion of the table- 
land may be seen in a retired part of the country about two miles 
and a half from the mouth of Wolper Creek ; from this point it may 
be traced across the country in a south-easterly direction, following 
the trend of the river hills to Middle Creek, where it attains its 
greatest thickness, varying from SO to near 100 feet, and at an 
elevation of about 500 feet above high-water mark in the Ohio 
River. 

On the south side of Middle Creek we again find this formation 
upon the highest portions of the country. It may be traced cap- 
ping the hills in a southeasterly direction, giving a reddish appear- 
ance to the soil, but presenting here more the appearance of un- 
cemented drift, than on the north side of Middle Creek. It caps 
the hills, apparently, along the line of ancient* drainage, evidently 
having been deposited before the river and small streams had worn 
out their present valleys. But little of this drift is found in the 
valley of Middle Creek ; occasionally, on the hill-sides, a piece of 
conglomerate may be seen that has rolled down from its more 
elevated position. 

The composition of this conglomerate and drift presents a great 
variety of formations, the Silurian, however, predominating. The 
angles of the fragments are rounded, and every fragment bears 
the most conclusive evidence of being water-worn. No evidence 
of stratification can be seen in the perpendicular cliffs ; small peb- 
bles and large angular boulders may be seen mingled in confusion 
and so firmly cemented together that it is difficult, in some places, 
(to break fragments from the main mass. 

The conglomerate at the mouth of Wolper Creek is about five 
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miles north-west of that seen on the highlands above Middle 
Creek ; it presents perpendicular cliffs, and is more than 100 feet 
in thickness. The perpendicular height in one place that 1 meas- 
ured was 73 feet. Above this cliff there was a rise of 20 feet to 
the highest point, and it probably extended many feet below the 
soil and rubbish at the bottom, making the deposit at this place at 
least 100 feet in thickness. Above the mouth of Wolper Creek a 
large mass of this conglomerate has been undermined by the river, 
and slid off from the main body, making a narrow chasm of sev- 
eral hundred feet in length, and from five to six feet in breadth ; 
this point is known as Split Rock, On one side of this chasm we 
measured a perpendicular height of 72 feet, and above this con- 
glomerate there is at least 20 feet more of drift and soil. How 
much below the rubbish at the bottom of this chasm the conglom- 
erate extends, we do not know, but it is below high-water mark. 

This conglomerate,, like that on the highlands, is composed of 
a great variety of formations ; fragments varying from the finest 
Band, to several hundred pounds in weight, intermingled in every 
state of confusion. Large boulders of granite may be seen im- 
bedded and cemented along the perpendicular wall 60 feet above 
high-water mark — showing that there must have been a transport- 
ing power much greater than water alone to have piled up these 
masses of stone to such an elevation. They show, also, that when 
this conglomerate was deposited, the Ohio River must have had a 
much greater volume of water than it has been known to have dur- 
ing our highest freshets within the last 80 years, or since the 
country has been settled. 

This accumulation of conglomerate is between one and two 
miles in length, and in some places nearly a mile in breadth. It 
blends with a stratified and also an undulating terrace formation, 
which is six or seven miles in length along the river and in some 
places more than a mile in breadth. , 

When we stand upon the most elevated portion of the cliff over- 
hanging the mouth of Wolper Creek, and look over the undulating 
cultivated fields back to the river-hills which rise 300 feet above 
the terrace formation, and bear in mind that on the top of these 
hills is the conglomerate to which we first directed your attention, 
the conclusion seems to me to be irresistible that these two de- 
posits of conglomerate were made at widely distant periods. The 
one dating back to a period prior to the formation of our valleys, 
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the other after the river had cut down ita channel 450 feet below 
this table-land. The antiquity of the one is seen most clearly 
where it caps the hills on each side of Middle Creek, and, aleo, on 
each side of Rattling Eun, showing that the deposit of the one 
must have preceded that of the other by the length of time which 
it took to form the Ohio Valley and the valleys of its tribntariea. 

Such, briefly, are some of the facts which may be seen by a visit 
to this section of conntry. 

The question arises, how came this accnmulation of drift at 
these points? When we look at the map of this part of the 
country, we see that the Great Miami, and the White Water 
rivers running from the north, empty into the Ohio Valley near 
this point. 

Here, also, we find that the river makes a sudden bend to the 
south-east, forming the western angle of the great North Bend 
in the Ohio Eiver. A line drawn from the "White Water and 
Miami Valleys across this acute angle, intersects the conglomerate 
at Wolper Creek. Along this line behind the hills to the east of 
Fetersburgh, Kentucky, may be seen an ancient valley which the 
Ohio River has long since abandoned. This valley is between three 
and four miles in length, and from one-fourth to one-half a mile in 
breadth. It was evidently cut down through the strata of rocks, 
and shows that at one time, here was an extensive island, not 
formed by the accumulation of drift or sediment, as most of the 
islands in the Ohio River now are, but an island made by the river 
eroding out two channels through the strata of the Silurian forma>- 
tiou. It is now above the highest floods of the Ohio River — is 
extremely fertile, and is cultivated throughout the whole length. 
Wells sunk in it pass through loam, sand and gravel similar to 
what we find in our low bottom-lands. 

Along the White Water and Miami valleys, we see accumula- 
tions of drift. We are told in the Geological Reports of Ohio, 
that the drift 1 
Ashtabula to Di 
of White Wato 
the mouth of tb 
there was a vs 
streams — this : 
the Miami and 
probably valley 
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forming an enonnons ice gorge at this point, grinding along the 
eastern bank of the Ohio Biver, and piling op in confusion sand, 
gravel, and boulders — it seems to me we have an explanation. for 
the accumnlation of the drift foand near the mouth of Wolper 
Creek. 

The sudden bend in the Ohio River and the narrow valley just 
below the bend probably produced ice obstructions in an ancient 
day just as we see ice obstructions produced at this portion of the 
river at the present time. It is also probable that at some remote 
period the ice obstructions turned a part of the volume of water 
across this acute angle in the river and formed the cut-off or an- 
cient valley seen beyond the hills east of Fetersburgh. 

On the Indiana side of the river, we again find the drift near 
the river hills between two and three miles above Rising Sun, or 
nearly opposite Laughery Island, and at about the same height as 
the river terrace formation in Kentucky. 

We also find near the mouth of Nogan Creek, and extending 
back from the river along the valley of this creek to the town of 
Cochran, another terrace-formation which is nearly of the same 
height as the terrace on the opposite side of the river in Kentucky. 
From an excavation made for a turnpike, and also for excavations 
made for the O. & M. R. R., we see that this terrace, unlike the 
terrace in Kentucky, is almost entirely composed of laminated clay 
and loam ; scarcely any gravel can be seen. It is away from the 
current of the Ohio River and was evidently formed by the deposits 
of sediment in the back water during ancient floods or freshets of 
the Ohio River, just as deposits are left after the freshets at the 
present time on the lowlands back from the river. But it is diffi- 
cult to account for the thickness of this terrace rising as it does 
fi*om a level of the bed of the river to nearly 50 feet above high 
water mark, unless we adopt the theory that there were at one 
time floods in the Ohio River far greater than any known since 
the country has been settled, a view which would be in accordance 
with the theory of the melting of a great continental glacier. 

The accumulation of drift on the highlands above Middle Creek 
were probably produced by causes similar to those that made the 
deposits in the valley, but at a far more ancient period. We can 
imagine how ice borne down from the north along the ancient 
drainage lines of the White Water and Miami Rivers, and meeting 
the ice in the Ohio at this bend, would crowd it on to the south 
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Bide of the then shallow valley and leave deposits; the same 
which we now see, and which have so effectually resisted the de- 
composing effects of time. 

In attempting to account for the formation of these deposits it 
is not necessary to allude to the changes that may possibly have 
taken place at different periods in the elevation or depression of 
portions of the continent. The same great drainage lines now 
seen in this part of our country must have continued from the time 
the river first began to erode out its present valley, and in this 
long series of years changes of climate have taken place, and the 
conglomerate to which we now direct your a^ttention is evidence we 
believe, to sustain the theory that ice has brought down from the 
North boulders and drift at two distinct and widely distant periods. 



New facts belating to Eozoon Canadense. By J. W. Dawson, 
of Montreal, Canada. 

At the last meeting of this Association, I had the pleasure of 
exhibiting some specimens of Eozoon Canadense, and of giving 
some oral explanations as to its nature and mode of occurrence. 
I now ask permission to mention a few additional facts which have 
been made known since the meeting at Detroit, and which still 
further contribute to our knowledge of the most ancient known 
fossil. 

(1.) I would first beg leave to direct attention to the very inter- 
esting series of specimens now on exhibition in Philadelphia, In 
the collection of the Canadian Geological Survey ; and which give 
a rare opportunity to study the various aspects of the fossil. In 
connection with Eozoon, I would also mention the remarkable mass 
of Graphite from Buckingham on the Ottawa, exhibited by the 
Dominion Plumbago Company of Canada. This mass is from one 
of the great beds of that mineral occurring in the Lower Laurentian, 
on a horizon not remote from that of Eozoon, and which in my 
Judgment are really Laurentian coals, representing the vegetation 
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of that period, as yet altogether unknown to us in its forms and 
structures. 

(2.) A very interesting specimen, found last autumn by Messrs. 
Richardson and Weston, at Petite Nation, has enabled me to de- 
lineate, in a recent paper, the inverted conical form of a perfect 
small specimen of Eozoon, and also to show that the acervuline 
chambers on its upper surface are precisely similar to those small 
SLggvegSLtiona of spherical chambers resembling OlobigerinoB^ and 
to which I have given the name Arclueospherinm ; so that these 
may not improbably be loose chambers or germs of Eozoon. 

(3.) Mr. W. J. Morris of Perth, Ontario, has in th^ past summer 
found abundant specimens in situ of Eozoon mineralized with 
Loganite, in the original locality at Burgess. These specimens 
show that the Burgess variety is on the whole thicker and more 
continuous in its sarcode chambers, and less developed as to the 
separating walls than the Grenville and Petite Nation specimens. 
These new specimens from Burgess have also enabled me for the 
first time to detect in their dolomitised walls traces of the canal 
system, into which, however, the Loganite does not penetrate. In 
some in which the dolomite is mixed with calcite, there is also 
an extremely minute granular structure, which I believe to indicate 
an originally porous character of the cell- wall, of which only obscure 
indications exist in other specimens. 

(4.) Mr. G. F. Matthew h^s sent to me from the Laurentian of 
Lily Lake, near St. John, New Brunswick, specimens of a dolomitic 
limestone containing fragments of the skeleton of Eozoon, showing 
the canal system. This is the first recognition of this fossil in the 
Laurentian of New Brunswick. A notice of the fact has appeared 
or will shortly appear in '^ Silliman's Journal." 

(5.) Recent explorations by Mr. Vennor of the Geological Survey 
have thrown further light on the precise geological horizon of 
Eozoon in the great Laurentian system. In Sir William Logan's 
original sections on the East side of the Ottawa, the lowest rock 
represented is a great thickness of orthoclase gneiss, corresponding 
probably to the fundamental or Bogian gneiss of the Scandinavian 
and Bavarian geologists. Above this is a very thick limestone, 
that of Trembling Lake, which has afforded no fossils. Next is 
another vast thickness of gneissic beds. Then comes a second 
limestone, also non-fossiliferous as yet, that of Green Lake. Then 
another gneissic series and a third limestone, that of GrenviUCy 
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which is the special resting place of Eozoon, and is also associated 
with beds rich in graphite and in calcic phosphate. Still higher 
is a fourth limestone, and then the Upper Laurentian. Mr. Vennor's 
observations relate to a region about eighty miles distant, on the 
west side of the Ottawa and remarkable for its rich deposits of 
apatite and graphite, though affording Eozoon only in a few places, 
and in these not precisely in the same state of mineralization as 
at Petite Nation and Grenville. In this region Mr. Vennor has 
worked out a series corresponding in its main features with that 
ascertained by Logan, and it now appears that in both series Eozoon 
is apparently confined to one horizon, and that in this it is associ- 
ated with the more important deposits of graphite and apatite. 
It is true that in the districts explored by Mr. Vennor there are 
some groups of strata of uncertain age, and which may be upper 
Laurentian- or even Huronian ; but the main accordance above 
stated seems to be certain. It would thus appear that Eozoon 
and those deposits of graphite and apatite which are probably of 
organic origin, are characteristic of one great zone of the Lower 
Laurentian. 

(6.) The abundant phosphates occurring in the Lower Lauren- 
tian, and as alread}'' stated in irregularly stratified beds, and asso- 
ciated with graphite and Eozoon, naturally raise the question 
whether they are of organic accumulation. The apatite of the 
Lower Laurentian has indeed as yet afibrded no organic structure. 
Some light may however be thrown on its origin by the analogy 
of later deposits of similar character ; and I have endeavored, in 
a paper recently read before the Geological Society of London, 
to show that the calcic phosphate contained in the Cambrian and 
Silurian rocks of Canada presents in its mode of occurrence points 
of similarity to that of the Laurentian ; while the prevalence of 
low forms of life, as Lingulce, TrUobites and Hyoliihes^ having 
much calcic phosphate in their skeletons, in the Primordial seas, 
and the consequent accumulation of beds rich in phosphatic 
concretions and coprolites, points to the possibility of similar con- 
ditions in the earlier Laurentian. I may also here refer, as corrob- 
orative of this view, to the recently published researches of Hicks 
and others on the Silurian Phosphates of Wales. 

(7.) The objections to the animal nature of Eozoon recently 
promulgated by Otto Hahn, and which have been answered in 
detail by Dr. Carpenter and myself, have directed attention anew 
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to the geological relations of serpentine ; and though I must protest 
against the idea prevailing in some quarters, that there is any 
necessary connection between this mineral and Eozoon, yet as ser- 
pentine exists in connection with many specimens of this^ fossil, 
it is time that geologists were warned against the extravagant ideas 
of pseudomorphism which have been promulgated in connection 
with it. I have, therefore, been engaged in the present sum- 
mer in reexamining large series of specimens of serpentines 
associated with organic remains, and , have visited some of the 
Canadian localities of such serpentines, and have studied their 
geological relations. I hope to show, when these researches are 
complete, that microscopical and palseontological evidence com- 
pletely vindicates the theory of aqueous deposition of serpentine as 
maintained by Dr. T. Sterry Hunt, and shows that this mineral, like 
glauconite and similar silicates, may fill the pores and cavities of 
fossils, without in any way destroying their forms or structures. 
I have examples of Silurian corals and other fossils mineralized 
with true serpentine, precisely like Eozoon in the Laurentian. 
Further it can be shown that the Lower Silurian serpentines of 
Canada, alike in their interstratification with fossiliferous lime- 
stones, and in their passage into limestone, dolomite and even red 
slates, conform in a striking manner to the known laws of deposi- 
tion of hydrous silicates in the modern oceans. Whatever opinions 
may be held as to the metamorphic origin of certain serpentines, 
or as to the mode of formation of serpentine veins, the facts I 
already possess are amply sufficient to show that such theories 
have no application to the ordinary serpentines found in beds 
associated with fossiliferous rocks. 

(8.) I may add that I hold GiimbeVs elaborate exposition of 
the foraminiferal nature of Beceptaculites, in the Transactions of 
the Royal Bavarian Academy, and the announcement by Prof. Karl 
Moebius of a recent sessile Foramlnifer from the Mauritius, not 
very remote from Eozoon in its general mode of growth, to be 
important contributions towards the history of this oldest fossil ; 
whose investigation, as will be seen from the above notes, is by 
no means fUlly worked out. 



geysers of the tellowstone park ; by t. b. comstock. 285 

On some Unexplained Phenomena in the Geyser Basins of the 
Yellowstone National Park. By Theo. B. Comstook, of 
Ithaca, N. Y. 

When it is considered that all our knowledge of the remarkable 
workings of nature in the Yellowstone Park has been gathered by 
a few observers wholly during the summer months, it need not 
seem strange that many questions have arisen which can only 
receive answer by fhture investigation. Every new observer has 
to report changes in the force and character of eruptions, as 
well as differences in the nature and amount of the deposits of 
the various hot springs and geysers — changes which give evidence 
of anything but regularity in the subterranean movements. The 
Giantess geyser, for instance, has been only twice seen in action ; 
the Giant as reported by Hayden, Peale, Doane, Barlow- and 
Heap, and myself, is known to have changed very much in char- 
acter between the summers of 1870 and 1873, and important differ- 
ences were noticed in the action of the Hot Springs on Gardiner's 
River by the same observers at different times during the above 
interval. These are but a few of the many cases of a similar kind 
which might be cited, but they are sufficient to show that any 
attempt to solve the problems connected with the geysers must be 
the result of constant and long continued observation at all sea- 
sons of the year. 

It is the object of this paper to direct attention to the impor- 
tance of improving all opportunities for research in this direction, 
as well as to bring to the notice of the Association several inter- 
esting observations made by myself while traversing the region 
under consideration. 

According to known facts and the theories by means of which 
their interpretation has been attempted, the occurrence of what 
may be called " sympathy" in the eruptions of adjacent or widely 
separated geysers does not seem impossible, but they furnish no 
adequate explanation of the striking cases of this nature which 
have been observed in the geyser basins of Fire Hole River. A 
few prominent examples will serve to illustrate this point. In the 
Lower Geyser Basin, it is quite the rule for the geysers to play in 
.groups, as in the case of the Fountain^ which is almost always 
associated in eruption with several of its neighbors upon the same 
mound or terrace, including the Clepsydra^ the Fitful and some 

/ 



236 OETSEBS OF THE TELLOWSTOKE PABK ; 

irregular springs. The White Dome^ about one mile distant from 
these, rarely or never is seen in action without being immediately 
preceded or followed by the eruption of from one to six or eight 
others within a radius of a quarter of a mile. In the Upper Fire 
Hole Basin, the eruptions of the Turban and the Saw-Mill are 
frequently, if not always nearly coincident, while the overflow 
from the Turban often excites the powerful Orand Oeyser to ex- 
cessive activity. Similarly, but' with less apparent reason, the 
three chimneys, which I have named the Trinity Geysers from 
their resemblances in form and phenomena, were seen in 1873 in 
almost simultaneous action. Not only this, but at the time of 
our visit to this region, nine of the geysers of this Upper Basin 
were observed in action, as follows: — First the Grotto was agi- 
tated, an eruption of the Riverside beginning just before the 
former became quiet, the Fan becoming active about the middle 
of the eruption of the Riverside. These three geysers are rather 
widely separated, although they occupy together a somewhat re- 
stricted portion of the basin. Above these, and issuing from the 
floor of the basin all within the space of a few yards, are the 
Turban^ the Saio-MUl and the Grand Geysers. At the time men- 
tioned, these were seen in action very shortly after the cessation 
of activity in the lower group, and, during a portion of the erup- 
tion of each, all were playing together. These eruptions had 
ceased but a few minutes, when the Trinity Geysers farther up the 
Fire Hole River and much more elevated, were almost simulta- 
neously agitated. Numerous illustrations of apparent sympathy 
might also be drawn from the various groups of mere hot springs, 
which have been published in my own report. My present object 
being only to indicate some problems meriting closer study, I will 
offer no theory, but merely remark that in many cases in which 
this apparent sympathy is seen between more or less widely sepa- 
rated springs, others much nearer are wholly independent in their 
manifestations, if they do not actually exhibit sympathy with springs 
in other portions of the basin. So far as I have been able to learn 
from previous reports and from personal observation, there is noth- 
ing to suggest any approach toward "sympathy" with other gey- 
sers in the case of the Oastle^ of the Upper Basin. This chimney 
is somewhat isolated, but it has nearer neighbors than some which 
appear quite closely connected in action. The Giant ^^ the Giant- 
ess^ Old Faithful and others, are superficially scattered and no 



6y t. b. comstock. 237 

indications of correlated activity have been observed. There may 
be some significance in the singular fact that, with the exception 
of the Giantess, Beehive and some minor bowls near the extreme 
upper end of the basin, on the right bank of the Fire Hole River, 
and the Grotto, at the lower end, upon the opposite bank, all the 
geysers on the former side of the stream seem more or less sympa- 
thetic, while those upon the left bank are all apparently solitary in 
their movements. 

Another equally interesting feature was observed in both of the 
main Fire Hole basins, viz : — when a number of geysers or geyser 
groups became successively active, the course of the eruptive wave 
was usually up stream. It would be hazardous to attempt an 
explanation of this phenomenon without an abundance of evidence, 
but it may be stated that the ordinary theory of the geyser does 
not seem alone sufficient to account for this. Bun sen's admirable 
investigations in Iceland resulted in an explanation of the cause of 
eruptions which is generally accepted. No doubts of the correct- 
ness of this view are suggested by observations in the Yellowstone 
Park, except as regards what may be called minor phenomena, 
though some of these may prove to be of greater importance than 
is now thought. There is abundant reason for believing that the 
surface features of the various springs have a mai'ked effect upon 
the character of their pulsations, and, as the writer has already re- 
marked,^ Bunscn's theory must probably be supplemented by others 
to account for all the phenomena which have been observed. The 
retardation of tbe eruptions of the more elevated and, presumably, 
more elongated geyser tubes does not seem remarkable, except in 
so far as it points to some very regular source of water supply 
under ground. Differences in the heights of the several columns 
of water would probably cause irregularity in the duration of their 
respective dormant intervals, but this does not seem to be the case 
with these geysers. 

Besides the foregoing hints of discoveries which await the inves- 
tigator in this region, others are furnished by the peculiar vascil- 
lations in temperature of the water at different points in the 
streams, the causes of which are often very difficult to explain 
from surface indications alone. The presence of carbonic acid in 
some instances will account for the agitation of the contents of 

1 Report upon the Beconnaiseance of N. W. Wyoming, etc., Jones, 1873.— Edition 
from Engineer Oifice, 1875, p. 257. 



238 6ET8EBS OF THE YELLOWSTONE PARK. 

bowls at a temperature considerably below even the reduced boiling 
point at the great altitude of the district ; but we must look for 
undei^ound agencies to interpret phenomena of the kind above 
indicated. 

The building up of geyser cones has been described more than 
once by those who have visited the basins of the Fire Hole, an(l 
yet those who have the best knowledge of their structure, and its 
numerous modifications, are most free to acknowledge that our 
ignorance upon this subject alone is very great. Even so simple 
a matter as the formation of polished pebbles in the pools adjacent 
to the geysers, was not clearly understood until investigated by 
the writer in 1873, and many questions have arisen which will only 
be solved after months or years of patient observation. 

Again not a few geysers are quite irregular in their eruptions, 
though their near neighbors may spout almost as regularly as the 
clock strikes. The Giant^ the White Dome and the Castle have 
been differently reported by observers at different times, while Old 
Faithful has not been known to miss its average of one eruption 
each hour since its discovery. Another fact of interest is the dif- 
ference in the length of the dormant intervals in adjacent geysers. 
Old Faithful and the Castle are within sight of each other, and not 
very dissimilar in external aspect, and yet the former ejects its 
liquid contents twenty-four times for every eruption of the latter, 
i, e., it did so in 1873. 

In the Lower Geyser Basin there is evidence unmistakable of 
one or more floods of enormous extent. In a low, level portion 
between the Fountain and the White Dome^ the trees in 1873 were 
covered at the base to a height of two or three feet with a coating 
of silica similar to the ordinary geyser deposits of the region, and 
upon the flat beyond the Fountain a thick, sandy deposit of the 
same material is spread over the surface. The many signs of 
freshness visible over this area lead to the belief that the amount 
of overflow from the geysers has quite recently been excessive. 
Upon the well founded supposition that the water supply of the 
subterranean chambers is largely furnished from the neighboring 
country, it seems probable that the manifestations during the 
winter or spring months will richly reward the obs'erver with new 
and valuable facts, which will have an important bearing upon 
questions relating to thermo-dynamics. There are certainly few 
fields which promise as great a return for a small amount of inves- 
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tigation. The attention of Congress should certainly be called 
to the pressing need of more careful espionage and government of 
the Park, for its treasures are fragile in the extreme, its manifes- 
tations waning and evanescent, and profane hands have already 
ruthlessly torn and shattered monuments of great scientific value, 
which can never be replaced. 

In closing, I would venture to repeat what seems to me merely 
the fulfilment of a duty, by again requesting the thoughtful atten- 
tion of scientific men in ail departments of physical research, to 
the ''great importance^ of prompt^ constant^ extended and connected 
observation of the rare and rapidly waning phenomena, which form 
the most striking and characteristic features of the district under 
consideration." 2 xhe last report was made three years ago, and 
many changes have doubtless occurred since that date, while the 
waste arising from spoliation is enormous and constantly increas- 
ing with absolutely no means of protection.^ Numbers stand ready 
to sacrifice time and energy to the work, and a bare allowance for 
sustenance is all that is needed to make the National Park a 
source of glory rather than of discredit to the nation, as it now is. 



The "Two-Ocean Water." — the Union of the Atlantic and 
Pacific Oceans in the Rocky Mountains. By Theo. B. 
CoMSTOCK, of Ithaca, N. Y. 

On the map of Captain (now Major) W. F. Raynolds, embracing 
that portion of the Missouri River country traversed by himself 
in 1859 and 1860, there was first recorded the peculiar hydro- 



a " American Naturalist," Vol. Vlll, March, 1874, p. 158. Pamphlet extract, " Scien- 
tific Value of Yellowstone Park," p. 21. 

8 Since the reading of this paper, a report has been published of the '^ReconnalB- 
sauce from Carroll, Montana, to the Yellowstone National Park, in the summer of 1875," 
conducted by Capt. Wm. Ludlow of the Engineer Corps, U. S. Army, with a valuable 
geological report by Edward S. Dana and George Bird Grinnell. The statements of 
these gentlemen indicate great natural changes since 1&73, and their representations of 
the ruthless destruction now in progress afford the strongest coufiimation of the truth 
of the views here expressed. / 
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graphical feature known as the " Two-Ocean Water." Its position 
is there indicated roughly by means of dotted lines, according to 
the accoant given by Bridger, the guide of the party. In the report 
of the expedition Raynolds remarks that ^^ having seen this phen- 
omenon on a small scale in the highlands of Maine, where a rivulet 
discharges a portion of its waters into the Atlantic and the re- 
mainder into the St. Lawrence, I am prepared to concede that 
Bridger's 'Two-Ocean River' may be a verity." 

Later explorers were unable to pass judgment upon this state- 
ment until the summer of 1872, when some of the members of Dr. 
Hayden's party made important discoveries in the district within 
which the peculiar water-shed must have been discovered, if not 
wholly mj'thical, as many supposed. Dr. Hayden, after a careful 
reconnaissance of the region, reported that such a phenomenon was 
at least doubtfifl, at the same time suggesting that the '^ low ridge 
in the great water divide of the continent has doubtless given rise 
to the story of the Two-Ocean River, and such a stream has found 
its way to most of our printed maps." ^ He had previously an- 
nounced the same opinion in the following words: "Between 
Flat Mountain and the Yellow-Stone Range the divide is very low. 
The sources of some of the branches of Snake River extend up 
within two miles of the lake, and the elevation is not more than 
400 feet above the lake level. This is what has been hitherto un- 
derstood as ' Two Ocean Pass.' " ^ 

The expedition of Capt. W. A. Jones, in 1873, was more fortunate 
in this respect. Having ascended the valley of the Upper Yellow- 
stone for twenty-five or thirty miles, the trail of our party left the 
marshy bottom-lands to traverse the drier portion about fifty feet 
above the stream upon the right bank. The river at this point 
was then (early in September) rather sluggish, the slope being 
somewhat gradual. Presently we crossed a small, but rapid rivulet 
coursing down the mountain side and falling abruptly into the 
valley just beneath us. Beyond us, the view was unobstructed, 
but the stream appeared to ascend the slope towards us until we 
observed that the rivulet had divided in the plain below, one por- 
tion gliding silently into the river behind us, to find its way at 
last into the Gulf of Mexico, while the other branch had descended 
in front to join the westward flowing waters of the Columbia, via 

1 Bep't U. S. Geol. Snrv. 1872, p. 4. ^ Rep't U. S. Geol. Sunr., 1S71, p. 132. 
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Snake River, finally reaching the Pacific Ocean. Tlie true position 
of this remarkable feature of physical geography is clearly shown 
on the map which illustrates the report of Capt. Jones.^ The 
mountain stream now bears the name proposed by Raynolds — the 
"Two Ocean Creek" — and its two branches are named respectively, 
Atlantic and Pacific creeks. Thus is verified another of the stories 
of that faithful guide and hunter — James Bridger — one of the 
most worthy of Rocky Mountain pioneers. 

Like other peculiarities in the topography of the region, the 
primary cause of this union of two great river-systems of North 
America is the ancient volcanic outflow which has deeply buried 
thousands of square miles of pre-tertiary rocks. Upon either 
side of the little grassy plain which forms the "divide," hun- 
dreds of feet of basaltic beds are piled, and the separation of the 
streams is eflfected by very simple means. The present streams 
traverse valleys of ancient origin, but there are indications of more 
modern influences which have induced the flow in opposite direc- 
tions. 

The "Two-Ocean Water" is undoubtedly the most remarkable 
phenomenon of the kind yet observed upon the American continent, 
but there are other peculiarities in the same region, which are 
quite similar in origin. The Sweetwater River rises upon the 
western slope of the Wind River Mountains, and joins the North 
Platte after cutting across the range at the South Pass, and several 
minor instances of very interesting water-sheds were observed by 
the writer in the Uintah Mountains and in the Owl Creek Range 
and the Sierra Shoshone. 

As a rule, these cases afford striking evidences of the local 
nature of the post-tertiary glacial action throughout a large por- 
tion of the Rocky Mountain region. The damming up of streams, 
the widening of valleys and the accumulation of detritus in the 
very heart of the mountains, all furnish proof that the ice sheet, 
though extensive, was mainly confined to the more elevated tracts, 
where it was productive of very uncommon results in many in- 
stances. 

* Report upon the Reconnaissance of K. W. Wyoming made in the summer of 1873, by 
Wm. A. Jones, Captain of Engineers. Washington : Government Printing Office, 1874. 
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On the Post-glacial History of Sequoia gigantea. By Jokk 
MuiR, of San Francisco, Cal. 

During the past summer I explored the Sequoia belt of the 
Sierra Nevada, tracing its boundaries and learning what I could 
of the post-glacial history of the species, and of its future pros- 
pects. Perhaps the most important of the questions put to the 
forests are as follows : — 

WJiat area does Sequoia now occupy as the principal tree? 
Was the species ever more extensively distributed on the Sierra 
during post-glacial times f Is the species verging to extinction? 
And if so, then to what causes will its extinction be due f What 
have been its relations to climate^ to soil, and to other coniferoiis 
trees with which it is associated 9 What are those relations now f 
What are they likely to be in the future? 

Some of the answers obtained to these questions, seem plain and 
full of significance, and cannot I think, fail to interest every 
student of natural history. I shall endeavor, therefore, to present 
them in as clear and compact a shape as possible. 

By reference to the map exhibited it will be seen that the 
Sequoia belt extends from the well known Calaveras groves on 
the north, to the head of Deer Creek on the south, a distance of 
about 200 miles. The northern limit being a little above the 38th 
parallel, the southern a little below the 36th, and the elevation 
above sea-level varies from about 5000, to 8000 feet. 

From the Calaveras to the south fork of King's River, the species 
occurs only in small isolated groves and patches, so sparsiely dis- 
tributed along the belt, that two gaps occur nearly forty miles in 
width, one between^ the Calaveras and Tuolumne groves, the other 
between those of the Fresno and King's River. Hence southward 
the trees are nowhere gathered in small sequestered groups, but 
stretch majestically across the broad and rugged basins of the 
Kaweah and Tule in noble forests, a distance of nearly seventy 
miles, and with a width of from three to ten miles ; the con- 
tinuity of the belt being broken here only by deep sheer-walled 
canons. 

The Fresno group, the largest Sequoia congregation of the north, 
occupies an area of three or four square miles. From the so-called 
King's River Grove in the neighborhood of Thomas' Mill, I pushed 
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off in a northeasterly direction, along the bevelled rim of the canon 
of the south fork of King's River. Here I discovered a majestic 
forest of Sequoia, nearly six miles long, by two wide ; liot hemmed 
in by pines and firs, but growing as the predominant species, in 
brave and comfortable independence, over hill, and dale, and rocky 
ridge-top. This is the northernmost assemblage of Sequoias that 
may fairly be called a forest. 

Descending the precipitous divide between King's River and the 
Kaweah, we enter the colossal forests of the main continuous 
portion of the Sequoia belt. As we advance southward, the trees 
become more and more irrepressibly exuberant, tossing their 
massive crowns against the sky from every ridge-top, and waving 
onward in graceful compliance to the complicated topography of 
the basins of the Kaweah and Tule. 

The finest of the Kaweah portion of the belt is located on the 
broad, lofty ridge separating the waters of Marble Creek from the 
Middle fork, and extends from the granite headlands overlooking 
the hot plains, back within' a few miles of the cool glacial foun- 
tains. 

The extreme upper limit of the belt is reached between the 
Middle and South forks at an elevation of 8,400 above the sea. 

The most compact and majestic portion of the Tule forests, lies 
on the North fork, forming, I think, the finest block of Sequoia 
in the entire belt. 

Southward from here I thought I could detect a slight decrease 
in the general thrift of the forests ; this being the only indication 
of approach to the southern limit. But shortly after crossing the 
divide between the basins of the Tule and Deer Creek, the belt is 
abruptly contracted, and terminated. I made a careful survey 
of the southern boundary, and of the woods beyond, without dis- 
covering a single Sequoia, or any trace of their former existence. 

I was greatly interested, however, to find that the species had 
crossed over from the head of Deer Creek into the valley of the 
Upper Kern, and planted colonies northward along the eastern 
slopes of the western summit or Greenhorn Range. The western 
summit puts out from the main backbone of the range at the 
head of King's River, trending southward, and enclosing the 
Upper Kern valley on the west, and it is just where this lofty spur 
begins to break down, on its approach to its southern termination, 
that the Sequoia has been able to cross it. 
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Though the area occupied by the species increases from north 
to south, there is no corresponding increase in the size of the 
trees ; a diameter of twenty feet, and height of 275, is, perhaps, 
about the averagfe for full-grown trees ; specimens twenty-five feet 
in diameter are not rare, and a good many approach 300 feet in 
height. Occasionally one meets a specimen thirty feet in diam- 
eter, and rarely one that is larger. The largest I have yet seen 
and measured is a majestic stump on the south side of King's 
River. It measures thirty-five feet eight inches in diameter inside 
the bark four feet from the ground, and a plank thus wide of 
solid wood could be obtained from it without a decayipg fibre. 

The main continuous portion of the Sequoia belt, stretching 
across the basins of the Kaweah and Tule, forms by far the 
greater portion of the entire coniferous forest, and is plainly 
visible from the San Joaquin Valley, the light fringe of pines in 
front not being dense enough to hide it,- while it extends so fai? 
up the range, there is but little space left for pines or firs 
above it. 

It appears then from this general survey of the Sequoia forests, 
that notwithstanding the colossal dimensions of the trees, and 
their peculiarly interesting character, more than ninety per cent, 
of the whole number of individuals have hitherto remained un- 
known. 

Was the species ever more extensively distributed on the Sierra 
in post-glacial times f 

I have been led to the conclusion that it never was. Because 
careful search along the margins of the groves, and in the gaps 
between, fails to discover a single trace of its previous existence 
beyond its present bounds. 

Notwithstanding I feel confident, that if every Sequoia in the 
range were to die to-day, numerous monuments of their existence 
would remain, of so imperishable a nature as to be available for 
the student more than ten thousand years hence. 

In the first place we might notice that no species of coniferous 
tree in the range keeps its individuals so well together as Sequoia ; 
a mile is perhaps the greatest distance of any straggler from the 
main body, and all of those stragglers that have come under my 
observation are young ^ instead of old monumental trees, relics of 
a more extended growth. 

Again, we might notice in this connection, the well-known Ion- 
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gevity of Sequoia. A tree was felled last summer in the old 
King's River Grove, whose annual rings, counted by three dif- 
ferent persons, numbered from 2125, to 2137 ; and this speci- 
men was by no means a very aged looking tree, and measured 
only twenty-three fe^t in diameter inside the bark, while the giant 
of the New King's River forest, to which I have already called 
attention, is nearly twice as large, and probably about twice as 
old ; for it is standing on dry gravelly ground where the growth 
has been slow, the annual rings measuring only about the one- 
thirtieth of an inch throughout a considerable portion of the 
diameter. 

Again, Sequoia trunks frequently endure for centuries after they 
fall. I have a specimen block, cut from a fallen trunk, which is 
hardly distinguishable from specimens cut from living trees, 
although the old trunk fragment from which it was derived has 
lain exposed in the damp forest more than 380 years, probably 
thrice as long. The time measure, in the case, is simply this. 
When the ponderous trunk, to which the old vestige belonged, fell, 
it sunk itself into the ground, thus making a long straight ditch, 
and in the middle of this ditch, a silver fir is growing, that is now 
four feet in diameter, and 380 years old, as determined by cutting 
it half through and counting the rings, thus demonstrating that 
the remnant of the trunk that made the ditch, has lain on the 
ground more than 380 years. For it is evident that to find the 
whole time, we must add to the 380 years, the time that the van- 
ished portion of the trunk lay in the ditch before being burned out 
of the way, plus the time that passed ere the seed from which the 
monumental fir sprang fell into the prepared soil and took root. 
Now, because Sequoia trunks are never wholly consumed in one 
forest fire, and those fires recur only at considerable intervals, and 
because Sequoia ditches after being cleared are often left unplanted 
for centuries, it becomes evident that the trunk remnant in ques- 
tion may probably have lain a thousand years or more. And this 
instance is by no means a rare one. 

But admitting that upon those areas supposed to have been 
once covered with Sequoia every tree may have fallen, and every 
trunk burned or buried, leaving not a remnant^ many of the 
ditches made by the fall of the ponderous trunks, and the bowls 
made by their upturning roots, would remain patent for thou- 
sands of years after the last vestige of the trunks that made 
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them had vanished. Much of this ditch-writing would no doubt 
be quickly effaced by the flood-action of overflowing streams, and 
rain-washing; but no inconsiderable portion would remain en- 
duringly .engraved on ridge-tops beyond all such destructive ac- 
tion ; for, where all the conditions are favorable, it is almost abso- 
lutely imperishable. Now these historic ditches^ and root bowls 
occur in all the present Sequoia groves and forests, but not the 
faintest vestige of one presents itself outside of them. 

We therefore conclude that the area covered by Sequoia has not 
been diminished during the last eight or ten thousand years, and 
probably not at all in post-glacial times. 

Is the species verging to extinction? What are its relations to 
dimatey soil, and associated trees ? 

All the phenomena bearing on these questions, also throw light, 
as we shall endeavor to show, upon the peculiar distribution of the 
species, and sustain the conclusion already arrived at on the ques- 
tion of extension. 

In the northern groups there are few young trees or saplings 
growing up around the failing old ones to perpetuate the race, and 
inasmuch as those aged Sequoias, so nearly childless, are the only 
ones commonly known, the species seems doomed to speedy ex- 
tinction, as being nothing more than an expiring remnant, van- 
quished in the so-called struggle for life, by pines and firs, that 
have driven it into its last strongholds, in moist glens where 
climate is exceptionally favorable. But the language of the ma- 
jestic continuous forests of the South, creates a very different 
impression. No tree of all the forest is more enduringly estab- 
lished in concordance with climate and soil. It grows heartily 
everywhere, on moraines, rocky ledges, along water-courses, and 
in the deep moist alluvium of meadows ; with a multitude of 
seedlings and saplings crowding up around the aged, seemingly 
abundantly able to maintain the forest in prime vigor. For every 
old storm-stricken tree, there is one or more in all the glory of 
prime ; and for each of these, many young trees, and crowds of 
exuberant saplings. So that if all the trees of any section of the 
main Sequoia forest were ranged together according to age, a very 
promising curve would be presented, all the way up from last year's 
seedlings to giants, and with the young and middle-aged portion 
of the curve, many times longer than the old portion. Even aa 
far north as the Fresno, I counted 536 saplings and seedlings 
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gevity of Sequoia. A tree was felled last summer in the old 
King's River Grove, whose annual rings, counted by three dif- 
ferent persons, numbered from 2125, to 2137 ; and this speci- 
men was by no means a very aged looking tree, and measured 
only twenty-three fe6t in diameter inside the bark, while the giant 
of the New King's River forest, to which I have already called 
attention, is nearly twice as large, and probably about twice as 
old ; for it is standing on dry gravelly ground where the growth 
has been slow, the annual rings measuring only about the one- 
thirtieth of an inch throughout a considerable portion of the 
diameter. 

Again, Sequoia trunks frequently endure for centuries after they 
fall. I have a specimen block, cut from a fallen trunk, which is 
hardly distinguishable from specimens cut from living trees, 
although the old trunk fragment from which it was derived has 
lain exposed in the damp forest more than 380 years, probably 
thrice as long. The time measure, in the case, is simply this. 
When the ponderous trunk, to which the old vestige belonged, fell, 
it sunk itself into the ground, thus making a long straight ditch, 
and in the middle of this ditch, a silver fir is growing, that is now 
four feet in diameter, and 380 years old, as determined by cutting 
it half through and counting the rings, thus demonstrating that 
the remnant of the trunk that made the ditch, has lain on the 
ground more than 380 years. For it is evident that to find the 
whole time, we must add to the 380 years, the time that the van- 
ished portion of the trunk lay in the ditch before being burned out 
of the way, plus the time that passed ere the seed from which the 
monumental fir sprang fell into the prepared soil and took root. 
Now, because Sequoia trunks are never wholly consumed in one 
'forest fire, and those fires recur oply at considerable intervals, and 
because Sequoia ditches after being cleared are often left unplanted 
for centuries, it becomes evident that the trunk remnant in ques- 
tion may probably have lain a thousand years or more. And this 
instance is by no means a rare one. 

But admitting that upon those areas supposed to 'have been 
once covered with Sequoia every tree may have fallen, and every 
trunk burned or buried, leaving not a remnant, many of the 
ditches made by the fall of the ponderous trunks, and the bowls 
made by their upturning roots, would remain patent for thou- 
sands of years after the last vestige of the trunks that made 
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meadows which form very striking features of Sequoia woods, and 
since all the trees that have fallen into them have been preserved, 
they contain records of the generations that have passed since 
they began to form. 

Since theQ it is a fact that thousands of Sequoias are growing 
thriftily on what is termed dry ground, and even clinging like 
mountain pines to rifts in granite precipices ; and since it has also 
been shown that the extra moisture found in connection with the 
denser growths is an effect of their presence, instead of a cause of 
their presence ; then the notions as to the former extension of the 
species, and its near approach to extinction, based upon its sup- 
posed dependence on greater moisture are seen to be erroneous. 

The decrease in the rain and snowfall since the close of the 
glacial epoch in the Sierra is much less than is commonly guessed. 
The highest post-glacial water-marks are well preserved in all the 
upper river channels, and they are not greatly higher than the 
spring floodmarks of the present; showing conclusively that no 
extraordinary decrease has taken place in the volume of post- 
glacial Sierra streams since they came into existence. But in the 
meantime eliminating all this complicated question of climatic 
change, the .plain fact remains ; that the present rain and snowfall 
is abundantly sufficient for the luxuriant growth of Sequoia forests. 
Indeed all my observations tend tp show that in case of prolonged 
drouth, the sugar pines and firs would die before Sequoia, not 
alone because of the greater longevity of individual trees, but 
because the species can endure more actual drouth, and make the 
most of whatever moisture falls. Only a few of the very densest 
lir and pine woods felt and weave a root-sponge sufficiently thick 
and extensive for the maintenance of perennial springs, while 
every Sequoia grove does. 

Again, if the restriction and irregular distribution of the species 
be interpreted as a result of the desiccation of the range, then 
instead of increasing as it does in individuals toward the south 
where the rainfall is less, it should diminish. 

If then the peculiar distribution of Sequoia has not been gov- 
erned by superior conditions of soil as to fertility or moisture, by 
what has it been governed ? 

Several years ago I observed that the northern groves, the only 
ones I was then acquainted with, were located on just those por- 
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tinguish Sequoia, leaving its ground to other trees supposed capa- 
ble of flourishing in a drier climate. But that Sequoia can and 
does grow on as dry ground as any of its present rivals, is mani- 
fest in a thousand places. "Why then," it will be asked, "are 
Sequoias always found in greatest abundance in well watered places 
where streams are exceptionally abundant?" Simply because a 
growth of Sequoias always creates those streams. The thirsty 
mountaineer knows well that in every Sequoia grove he will find 
running water, but it is a very complete mistake to suppose that 
the water is the cause of the grove being there ; for on the con- 
trary, the grove is the entire cause of the water being there ; drain 
off the water if possible, and the trees will remain, but cut off the 
trees, and the streams will vanish. Never was cause more com- 
pletely mistaken for effect than in the case of these related phe- 
nomena of Sequoia woods and perennial streams, and I confess 
that at first I shared in the blunder. 

When attention is called to the method of Sequoia stream-mak- 
ing, it will be apprehended at once. The roots of this immense 
tree cover the ground, forming a thick continuous, capacious 
sponge, that absorbs, and holds back the rains and melting snows, 
only allowing them to ooze and flow gently. Indeed every fallen 
leaf, and rootlet, as well as long clasping root, and prostrate trunk, 
may be regarded as dams, hoarding the bounty of storm-clouds, 
and dispensing it as blessings all through the summer, instead of 
allowing it to go headlong in short-lived floods. Evaporation is 
also checked by the dense Sequoia foliage to a greater extent than 
by any other Sierra tree and the air is entangled in masses and 
broad sheets, that are quickly saturated ; while thirsty winds ai*e 
not allowed to go sponging and licking along the ground. 

So great is the retention of water in many places in the main 
l^elt that bogs and meadows are created by the killing of the trees ; 
a single trunk falling across a stream in the woods often forms a 
dam 200 feet long, and from ten to thirty feet high, giving rise to 
a pond, which kills the trees within its reach. These dead trees 
fall in turn, thus making a clearing, while sediments gradually 
accumulate changing the pond into a bog, or meadow, for a 
growth of carices and sphagnum. In some instances a chain of 
small bogs or meadows rise above one another on a hillside, which 
are gradually merged into one another, forming sloping bogs or 
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meadows which form very striking features of Sequoia woods, and 
since all the trees that have fallen into them have been preserved, 
they contain records of the generations that have passed since 
they began to form. 

Since thcQ it is a fact that thousands of Sequoias are growing 
thriftily on what is termed dry ground, and even clinging like 
mountain pines to rifts in granite precipices ; and since it has also 
been shown that the extra moisture found in connection with the 
denser growths is an effect of their presence, instead of a cause of 
their presence ; then the notions as to the former extension of the 
species, and its near approach to extinction, based upon its sup- 
posed dependence on greater moisture are seen to be erroneous. 

The decrease in the rain and snowfall since the close of the 
glacial epoch in the' Sierra is much less than is commonly guessed. 
The highest post-glacial water-marks are well preserved in all the 
upper river channels, and they are not greatly higher than the 
spring floodmarks of the present; showing conclusively that no 
extraordinary decrease has taken place in the volume of post- 
glacial Sierra streams since they came into existence. But in the 
meantime eliminating all this complicated question of climatic 
change, the .plain fact remains ; that the present rain and snowfall 
is abundantly sufficient for the luxuriant growth of Sequoia forests. 
Indeed all my observations tend to show that in case of prolonged 
drouth, the sugar pines and firs would die before Sequoia, not 
alone because of the greater longevity of individual trees, but 
because the species can endure more actual drouth, and make the 
most of whatever moisture falls. Only a few of the very densest 
fir and pine woods felt and weave a root-sponge sufficiently thick 
and extensive for the maintenance of perennial springs, while 
every Sequoia grove does. 

Again, if the restriction and irregular distribution of the species 
be interpreted as a result of the desiccation of the range, then 
instead of increasing as it does in individuals toward the south 
where the rainfall is less, it should diminish. 

If then the peculiar distribution of Sequoia has not been gov- 
erned by superior conditions of soil as to fertility or moisture, by 
what has it been governed ? 

Several years ago I observed that the northern groves, the only 
ones I was then acquainted with, were located on just those por- 
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and reextend both species and individuals. This, however, is a 
branch of the question beyond the present discussion. 

In studying the fate of our forest king, we have thus far consid- 
ered the action of purely natural causes only ; but unfortunately 
man is in the woods, and waste and pure destruction are already 
making rapid headway. If the importance of forests were at all 
understood, even from an economic standpoint, their preservation 
would call forth the most watchful attention of government. In 
the meantime however, scarce anything definite is known regarding 
them, and the simplest ground-work for available legislation is not 
yet laid, while every species of destruction is moving on with 
accelerated speed. 

In the course of last year's explorations I have found no less 
than five mills located on, or near, the lower edge of the Sequoia 
belt, all of which saw more or less of the "big tree" into lumber. 
One of these, located on the north fork of th^ Kaweah, cut over 
2,000,000 feet of big tree lumber last season. Most of the Fresno 
group are doomed to feed the mills recently erected near them, and 
a company has been formed to cut the magnificent forest on King's 
River. In these milling operations waste far exceeds use; for 
after the choice young manageable trees on any given spot have 
been felled, the woods are fired to clear the ground of limbs and 
refuse with reference to further operations, and of course most of 
the seedlings and saplings are destroyed. 

These mill ravages however, are small as compared with the 
comprehensive destruction caused by "Sheepmen." Incredib\e 
numbers of sheep are driven to the mountain pastures every 
summer, and their course is ever marked by desolation. Every 
wild botanic garden is trodden down, the shrubs are stripped of 
leaves as if devoured by locusts, and the woods are burijed. 
Eunning fires are set everywhere, with a view to clearing the 
ground of prostrate trunks, to facilitate the movements of the 
flocks, and improve the pastures. The entire forest belt is thus 
swept and devastated from one extremity of the range to the other, 
and with the exception of the resinous Pinus contorta^ Sequoia 
suffers most of all. Indians burn oflT the underbrush in certain 
localities to facilitate deer-hunting. Mountaineers carelessly allow 
their camp-fires to run, so do lumbermen, but the fires of the sheep- 
men or Muttoneers^ form more than ninety per cent, of all destruc- 
tive fires that range the Sierra forests. 
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Some years ago a law was enacted by the California legislature 
with special reference to the preservation of Sequoia gigantea^ 
under which the cutting down of trees over sixteen feet in diam- 
eter became illegal, but on the whole, a more absurd and short- 
sighted piece of legislation could not be conceived ; for all the 
young trees on which the permanence of the forest depend, may 
be either burned or cut with impunity, while the old trees may also 
be burned provided only they are not cut ! 

It appears, therefore, that notwithstanding our forest king might 
live on gloriously in Nature's keeping, it is rapidly vanishing before 
the fire and steel of man ; and unless protective measures be 
speedily invented and applied, in a few decades at the farthest, all 
that will be left of Sequoia gigantea will be a few hacked and 
scarred monuments. 



On Self-fertilization and Cross Fertilization in Flowers. 
By Thomas Meehan, of German town, Pa. 

The author refers to a paper of last year in which he questioned 
the correctness of the growing impression that all plants with color, 
fragrance, or honeyed secretions, required or were benefited by cross 
fertilization. In this paper he takes positive ground. 

Ist. That cross fertilization by insect agency does not exist to 
the extent claimed for it. 

2d. Where it does exist there is no evidence that it is of any 
material benefit to the race. On the contrary : — 

3d. Difficulties in self-fertilization result from physiological 
disturbances that have no relation to the general welfare of plants 
or species. 

[The paper gives details of experiments and observations witli^ 
various plants in proof of the above propositions, and has been 
published in full in the "Penn Monthly" for Nov., 1876.] . 
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Graft Hybrids. By Thomas Meehak, of Germantown, Pa. 

Of late years an impression has prevailed that hybrids may be 
obtained by grafting as well as by seeds. Sachs makes no mention 
of this in his text book ; but it has had a place in the literature of 
the horticulturist for over a hundred years. Bradley says that a 
variegated Jasmine, grafted on a common green stock, infused 
the variegation throughout the whole plant ; and there is an idea 
among some horticulturists that an intermixture in apples can be 
obtained by uniting two halves of different buds, and grafting them 
together. Thousands of people have laughed at these notions. 
No one has tried them. But only a few years ago it was found 
Bradley was right ; and we have in cultivation new variegated 
forms of Abutilon as well as some other things originated by the 
graft process. During the few past years it has been asserted 
that new varieties of potatoes have originated in this way. A 
tuber is taken and all the eyes cut out. A wedge with the eye of 
another kind is then inserted into the eyeless mass, and planted. 
The results are said to be true hybrids. Many of our best physi- 
ologists doubt this. I have not seen these cases ; but I must say 
that the evidence offered is much stronger than much of that on 
which some popular theories have been built. 

I tried the split bud grafting process not believing it would 
result in hybridity. ' I merely wished' to test the popular notion. 
I am pleased to be able to say now that it is correct. New. vari- 
eties can be obtained in that way. I took Rhode Island Greening 
and Red Astrachan ; two very distinct varieties of apples in every 
respect. The grafts with a single bud were split as near through 
the centre as possible, and a piece of each kind fitted together so 
as to appear one complete scion. Twelve of these were grafted. 
Three grew. Two of these have fruited ; neither are Rhode Island 
Greening and the two are unlike each other. One of these has a 
flower like the Rhode Island Greening ; and the flower of Red 
Astrachan is rosy and in many ways distinct from the large white 
one of Rhode Island Greening ; but the fruit is in many respects 
similar to that of Red Astrachan. The second variety has the 
flower similar to that of Rhode Island Greening, and the fruit 
somewhat the color of Red Astrachan, ripening about the same 
time, but is but half the size, very much flattened, and 'with a 
slender stem, near two inches long, and as much like that of a 
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membrane which I believe is the exterior layer of the skin. While 
observing this fact in the aquaria of the Buffalo Society of Natural 
Sciences, Prof. S. W. Garman and myself were able to find an 
almost complete skin, all the feet and the toes being readily perceiv- 
able as we floated and unfolded it in the water. This skin was 
observed at first gathered in the mouth of the animal which was 
apparently in the act of swallowing it. The verification of this 
last observation would be interesting, since a similar habit has 
been observed in the case of the common toad.^ All individuals 
of the Menopoma, that I have observed during the two months 
of July and August in aquaria, have an intermittent swaying 
motion from side to side. While I have not been able to verify 
the conjecture, this movement of the body may be connected with 
the effort of the animal to cast its skin. On the other hand it 
may be a movement to attract the sexes, or connected with the 
breeding period. In DactyletJira and Cyclorhamphus Prof. S. W. 
Garman has observed a similar shedding of the skin. We may 
predict that the same thing occurs in the other more exclusively 
aquatic forms such as Nectui'us tetradactylus {znMenohranchus 
lateralis of Authors), Amphiuma and Siren ;^ as also in the forms 
that take to the land, as Ambly stoma, Plethodon, DesmognathuSj 
and Demyctylus; and then in Megalohatraclius of Japan. 

I wish also to record the important fact that eggs are deposited 
by the Menopoma in August and September. Females opened 
on Aug. 21, contained well developed eggs attached by a mem- 
brane to the ovary. (I exhibit eggs taken from the aquarium this 
morning, Aug. 30th.) The yolk, which is about the size of a pea, 
is seen floating in a glary fluid enveloped in a membrane similar 
to that containing the albumen in a bird's egg inside the shell. 
The eggs are laid in strings, connected, and 'impregnation probably 

1 The following observation has been subsequently made by me on a specimen in 
the aquarium of the Buffalo Society of Natural Sciences. The wide mouth is opened 
several times to its fullest extent, by which means the skin is parted on the lips, and 
then rolls backward over the head. Before this, the transparent pellicle was observed 
to be loosely surrounding the surface of the animal from which it had separated. By 
short, jerky movements the Menopoma then withdrew its front legs from the old skin. 
The animal next moved in a forward direction, withdrawing itself f^om the skin, which 
was shoved back by the water until the skin was folded against the hind legs. The 
Menopoma then turned shortly round on itself, and, taking the skin in its mouth, drew 
it over the hind legs and tail. The skin was retained in the mouth and subsequently 
swallowed. The whole operation was quickly performed. 

3 1 have since observed it in Sperlerpea salmoneuSt from the Niagara River. 
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occurs at the time of their extrusion. After they are laid they in- 
crease in size by the absorption of water .^ 

The Menopomd probably frequents the muddy banks of the 
river to oviposit. In external appearance there is at this time a 
change, and we may say that the animal puts on its " marriage 
dress." The tail broadens, as also slightly the plaited extension 
of the skin along the sides of the body. There is, however, an 
individual variation in the extent of the lateral folds of the skin. 
In its habits the Menopoma appears to be nocturnal. 

I have presented these facts in the biology of the Menopoma 
before this Association, since I believe they have- not been* previ- 
ously known. 



On the Brains of some Fish-like Vertebrates* By Burt G. 
Wilder, of Ithaca, N. Y. 

[abstkact.] 

Specimens, preparations, drawings, or diagrams were shown of 
the brains of the following forms : Myxine, Bdellostoma, Petromy' 
zouy Mustelus^ Acanthias, CarchariaSy Chimcera^ Amia, Lepidosteus, 
Salmoy Megalops^ and Menobranchus, 

Attention was called to the following points : — 

1. The great diversity of brainnstructure among "fishes." • 

2. The fact that the brains of Myxine and Bdellostoma have not 
been satisfactorily homologized with that of Petromyzon. 

5. That certain features of the brains of Myxine and BdelloS' 
toma indicate that they are retrograded forms ; this renders a 
knowledge of their embryology very desirable. 

4. The close resemblance of the brains of Petromyzon and 
Menoh'anchus.^ 

6. That the anterior median mass of the Plagiostome brain is 

> These summer eggs proved afterwards to be unfertile. A string of them was no- 
ticed to be swallowed by a male Menopoma^ The spring of the year will probably 
prove the usual time of oviposition.. 

^The simUarity of their skulls has been pointed out by Huxley, 20. 

A. A. A. S. VOL. XXV. 17 
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not developed as described by Huxley (20), and by the author 
(19, 183), but in the manner described and figured by the author 
in August, 1876 (21).2 

6. That the homologies of the parts formed from the anterior 
cerebral vesicle of the embryo are not yet determined for the fish- 
like vertebrates. 

7. That the brain of Chimoera resembles that of sharks as to 
its medulla, cerebellum, and optic lobes ; that the anterior region 
resembles the anterior region of Ganoids in some respects ; but 
that the brain as a whole presents peculiarities entitling the 
Holocephala to rank as a primary division separate from the 
Flagiostomes and Ganoids.^ 

8. The rudimentary lateral ventricles in the olfactory lobes, 
which were described by the author (19, 181 and 184) as existing 
in Ganoids and in several Teleosts, have since been found by him 
in Salmo confinis (the lake trout), and in Megalops thrissoides (the 
"tarpum").4 

9. The new interpretation of the fish-brain by Maclay, which 
has been assented to by Gegenbaur, is contravened by the general 
condition of the parts during development ; by the connections of 
the optic nerves ; and by the origin of the fourth pair (patheticus, 
or trochlearis) behind the optic lobes in all vertebrates where it 
has been found at all.^ 

10. The differences between the brains of Ganoids and Teleosts 
are few and unimportant compared with those between the brains 
of Ganoids and Flagiostomes. The Teleosts, as to their brains, 

* The references are to a list of works on page 266. 

* A description with figures, of the brain of Chinuera is nearly readjfor publication. 
It is proper to state that the author's conclusion respecting the relations of the Holo- 
cephala were reached from a study of the brain, and before seeing the paper on Cerct- 
toduB in which Prof. Huxley expresses a similar opinion based upon the consideration 
of the skull, pectoral fins and heart. 

« In the plate, figs. 13, 14, are represented those parts in Salmo cor\finis and Lepidoateua 
otseus. As stated in the paper just referred to (19, 168) these cavities were fairly figured 
by StanniuB as they appear in the sturgeon, although neither he nor later authors appear 
to have mentioned them. Since this paper was presented I have been enabled to ex- 
amine Maclay's more extended work (18 taf. vii) and find that these lateral olfactory 
ventricles are plainly shown in his figures of the brains of ^mia and of four species of 
Acipenser; but they are neither lettered on the plate, nor referred to in the text. The 
figure of the brain of Lepidoateua does not show them. For the head of Megalopa I am 
indebted to Mr. B. G. Blackford. 

* Johannes MUller (9, 215} first considered the origin of this nerve as a test of the 
homology of the lobes ; but the point was more distinctly brought out by Prof. Huxley 
in some remarks upon the present paper at the session of Friday, Aug. 25, 1877. 
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may be regarded as a specialized offshoot, with a relation to the 
Ganoids similar to that which Birds bear to Reptiles.^ 

11. Errors of fact and of interpretation respecting the brains 
of the fish-like vertebrates are very common even in manuals and 
compendiums of the highest authority. It is desirable to reex- 
amine the structure and development of the brains of the various 
types as thoroughly as their skulls are now being revised by W. 
K. Parker and others. 



On THE Serrated Appendages op the Throat op Amia. By 
Burt G. Wilder, of Ithaca, N. Y. 

Upon each side of the copula^ or isthmus, which connects the 
shoulder-girdle of Amiaj^ with the hyoid arch, there are two appen- 
dages which are rarely mentioned by authors, and whose nature 
appears to be undetermined. 

Their position is indicated in fig. 7; while figures 8-11 repre- 
sent their appearance in the young and adult. 

Historical Sketch, According to Dumeril (7, 11, 410), these 
appendages are what "Linnaeus* referred to (1, I, 500) in the 
following phrase to which zoologists who have spoken of Amia 
(Lac^pede 2, V, 43, Bloch, 5,451, etc.) do not appear to have 
attached a ^definite significance. Oula ossiculis 2, scutiformibus^ e 
centro striatis, Valenciennes (3, XIX, 415) supposed that he was 
impressed by the appearance of the branchiostegal rays which 
form, on each side, a sort of striated plate ; but in the phrase cited 
reference is evidently made to the two small dentated pieces of 

A like concIuBion has been reached by Parker from his etady of the skull of the 
salmon (22). 

1 Amia is a fish fonnd living in the Mississippi River and its tributaries, and in the 
great lakes. It attains a length of two feet, and is called by fisheiTnen "mud-fish,^' 
" dog'fish,'' and ** lake<lawyer.'' Under the tin of the lower jaw is a movable plate 
which does not exist in any other fresh*water fish of America. The adult male has a 
circular dark spot at the base of the tail (Jordan 23, 306). Amia is now usually re- 
garded as a Ganoid, and its brain closely resembles that of Lepidosteus (the gar-pike); 
but it seems to be, as remarked by GIU (10)» the " most teleosteoid '' of that group. 
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which I am speakiog, and which it is ^asy to see. I have also 
found them mentioned by S tannins (4, 88, note 6)." 

In another part of the same paragraph, Dameril describes them 
as follows: "The middle portion of the hyoid bone or copula 
bears, at its posterior extremity, beyond the inferior pharyngeals 
which constitute, after a fashion, a fifth pair of branchial arches, 
two small osseous plates, covered with short and fine teeth, quin- 
cuncially arranged." 

It will be seen that the above description is not altogether 
correct. There is no osseous connection between the shoulder- 
girdle and the hyoid arch. The anterior plate occupies very nearly 
the middle of the isthmus. It is not small in comparison with the 
isthmus itself, and the posterior plate is twice as large. The 
"teeth" are not borne directly on the plates but on ridges; and 
neither the teeth nor the ridges are " quincuncially arranged." - 
Dnmeril does not state whether he has examined them himself. 

The appendages are not mentioned in Franque's description of 
Amia (6), nor in the monographs or systematic works of Agassiz, 
Cuvier, Cope, DeKay, Gill, Giinther, Huxley, Jordan, Muller, 
Owen, Eolleston, or Vogt. 

I am not acquainted with any figure or detailed description of 
the appendages under consideration, and now offer the following 
imperfect account in the hope of calling attention to what seems 
to be a constant and almost peculiar feature of the Aftiia.^ 

Location and general appearance. In the adult Amia there are 
two appendages on each side. They are usually concealed from 
view by the operculum ; but the tip of the hinder one sometimes 
projects beyond the operculum at a point a little above the base 
of the pectoral fin. The anterior appendage (fig. ICT, a) is about 
2 cm. long, and its anterior extremity is a little more than half 
its length from the union of the isthmus with the hyoid arch. Its 
hinder end is nearly opposite the median tip of the shoulder-girdle. 
It is wholly superficial, and its hinder border projects but slightly 
beyond its attachment. The posterior appendage (A) is about 
twice the length of the anterior and consists of three portions ; a 
short triangular root just beneath the skin ; a short but broad 
base, the deep surface of w^ich is continuous with the skin ; a ^ 

* At the time this paper was presented I supposed Amia alone to possess these appen- 
dages. I have siDce found in Lepidosteus what seem to be less developed represen- 
tatives of the same parts. They will be refen-ed to farther on. 
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long free portion, which gradaally tapers backward to the tip 
which is less than 1 mm. wide. The root lies to the mesial side 
of the posterior extremity of the anterior appendage, but there is 
a distance of nearly 2 mm. between them. The posterior appen- 
dage inclines dorsad, and rests quite closely against the adjacent 
surface of the shoulder girdle. 

Neither has any direct connection with bone. The attached 
surfaces rest upon the muscles which constitute the isthmus, but 
do not appear to be attached to them. While observing living 
Amias with reference to their respiratory function^ (19, 151) I 
never saw any movement of the appendages. The thickness of 
the posterior one is about ^ mm. It is quite flexible during life 
and while moist, but becomes more rigid when dried. 

The free surfaces of both appendages are corrugated in the 
adult, as seen in fig. 11. The general direction of the ridges and 
furrows is across the length of the surfaces obliquely forward from 
the dorsal toward the ventral border. The ridges are more or 
less wavy in outline, and present irregularities of direction and 
arrangement, especially toward the tip and ventral border of the 
posterior appendage. But the distance between any two ridges 
is quite uniform ; the number of ridges being about eighteen to 
the centimeter upon the anterior appendage, and about twelve upon 
the posterior. The transverse ridges do not always reach the 
ventral border upon the anterior two-thirds of the posterior appen- 
dage; the ventral third of the surfaces is in some cases nearly 
free, but may present one or more ridges running nearly parallel 
with the border, or more often, especially on the inner surface, 
there may be a series of short ridges trending dorsad 2i.n^' forward 
from the lower border to meet the dorsal series at open angles. 

The anterior slopes of the ridges form an angle of about 45^ 
with the surface ; but the posterior slopes are nearly perpendicular. 
The crests are projected backward as numerous fine teeth which 
are barely visible to the naked eye, but under a low magnifying 
power present the appearance shown in figure 11. 

Development. In the smallest Amia examined by me,^ 5 cm. 
(about 2 inches) long, I find no trace of the anterior appendage. 
The posterior is shown in figs. 7 and 8. It is abput 3 mm. 

* For this, and for the other yonng Amias I am indebted to Professors W. S. Barnard, 
S. A. Forbes, and H. A. Ward. 
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long and presents upon the outer surface five ridges which are 
much longer in proportion to the whole appendage than in the 
adult. The serrations upon the free borders of the ridges are 
relatively large and few as sees in fig. 8 ; they are sharp papillss 
rather than mere denticulations. 

In a specimen 77 mm. (about 3 inches) long, the posterior 
appendage is nearly 5 mm. long and presents twelve ridges upon its 
outer surface (see ^g. 9). The anterior appears as a series of eight 
sofL and rounded oblique ridges. But in another specimen which 
is thicker bat only 70 mm. long, the appendage is only 4 mm. 
long, and bears eight ridges. The anterior however is less well 
defined than in the larger example. In the largest young Amia in 
my possession, 10 cm. (about 4 inches) long, the posterior is 7 
mm. long and presents fourteen ridges. The anterior is still soft 
and ill defined. 

In none of these young examples does the tip of the posterior 
appendage reach the margin of the operculum ; and a comparison 
of the lengths of the whole body and of the appendage shows 
that the latter increases not only absolutely but relatively. In the 
smallest the ratio is as 6 to 100 ; in the third it is 6^*, and in the 
fourth 7. In an example 382 mm. long the appendage is 33 mm. 
long, or in the proportion of about 8§ to 100. 

But there seems to be a limit to this increase, fbr in an example 
475 mm. long the appendage is 38 mm., a ratio of 8 to 100. 

Structure. The appendages consist mainly of fibers running 
longitudinally. I have not yet examined them under the micro- 
scope. 

The anterior appendage is a single lamina, as is also the inserted 
root of the posterior. But the remainder of the posterior consists 
of two laminae. 

When cut transversely near the base the inner lamina is seen to 
be about two-thirds as wide as the outer, upon which it is applied 
so that the dorsal borders coincide, while the ventral line of union 
corresponds with the point of union already mentioned (page 261)- 
between the regular series of ridges and those along the ventral 
border. The laminae separate as if by sutures along both these 
lines of union. Between them is a compressed space through 
which runs what appears to be a nerve. But I have not yet traced 
its source, or ascertained the vascular supply of the appendages. 
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Supposed homologous parts in Lepidosteus, At the time this 
paper was presented I sapposed that no other fish possessed parts 
comparable with these appendages of Amia. 

A recent more careful examination of the hyoid isthmus of Lepi- 
dosteus (the "gar-pike") leads me to think that homologous parts 
exist in this genus. In several adult examples of Lepidosteus platys- 
tomus^ and osseiLS^ there are, upon each side of the isthmus, from 
two to five dermal bony plates forming a single series. The hind- 
ermost plate is usually the larger, but it never projects backward 
as in Amia. The free surface presents ridges and furrows the 
general direction of which is transverse. The number of plates 
is not constant in difierent examples or on the two sides, and 
sometimes two seem to be united into one. But their invariable 
presence, and their arrangement as a single and definite series 
suggests their homology with the appendages of Amia, Traces 
of them exist in a young L, osseus about 25 cm. (about 10 inches) 
long, but I have found none in examples 15 cm. long or in smaller 
ones. 

Function. I am not aware that any use has been assigned to 
these appendages, an^ I have no suggestion to ofier. The anterior 
is evidently passive. The posterior, even if voluntarily movable 
by the fish, is too fiexible for ofifence, and is, moreover, covered 
by the operculum. 

Morpkological significance. Unless some function can be assigned 
to these appendages the conclusion that most naturally suggests 
itself is that they are remnants of organs which had greater size 
and performed some function in more or less remote ancestors of 
Amia. The position and general appearance of the posterior pair 
are not wholly contradictory of the idea that they may have been 
accessoiy branchiae ; but this could hardly be surmised respecting 
the anterior pair, or the supposed homologous parts of Lepidosteus. 

The appendages should be examined in fossil Amia and Ijepidos- 
teuSy and in other extinct Ganoids ; likewise should careful search 
for them be made in all living Ganoids, and in the teleostean 
genera Ehps and Megalops which possess some points of resem- 
blance to Amia. 
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On the tail of Amia. By Burt G. Wilder, of Ithaca, N. T. 

[AB8TBACT.] 

The tail of Amia has been figured and described by Franque 
(6), Kolliker (13, p. 6, fig. 2), and Huxley (12, 20, fig. 6). 

KoUiker's paper is known to me only through the quotations by 
Dumeril (7, 401). Franque represents only the osseous portions 
of the skeleton. Huxley gives both form and structure but not 
as it seems to me, quite accurately. Neither of these authors men- 
tions the young Amia^ or intimates that the form or structure of 
the tail may vary with age. 

External form, Dumeril (7, 399, note 1) says that "the tail 
of Amia^ as to its external appearance, difiers in no way from 
that of the ordinary osseous fishes. Its heterocercy, however 
decided, is well manifested only by the skeleton." Huxley does 
not allude to the form but his figure does not very distinctly indi- 
cate any difference between the tail of Amia, and that for instance 
of some Siluroids, where the whole is rounded, and the greatest 
length is midway between the dorsal and ventral borders. 

I have examined many examples of Amia^ young and adult, 
and all manifested the following features. 1. The greatest length 
of the tall is considerably above the middle of its height. 

2. The change from the nearly horizontal dorsal and ventral 
borders to the curved posterior border occurs farther forward upon 
the ventral side. These features render the ventral slope both 
longer and more gradual than the dorsal. 

3. When the tail is fully expanded, as while the fish is 
swimming, the dorsal and ventral slopes meet so as to form a gentle 
curve and not an obtuse point as in Huxley's figure. This is well 
shown in figure 3, representing the tails of a young example in 
the condition assumed at death.^ 

The tail of Lepidosteus presents the same general features with 
some specific variation. Hence with both these ganoid genera the 
external form of the tail is decidedly, though not very obviously, 
unequal. 

Structure. The terminal caudal vertebrae form an upward 
curve as shown by Franque. Huxley's figure and description (12^ 

^ The tail represented in flg. 4 is slightly mutilated. 
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20) show that the notochord, enveloped by cartilage,^ extends 
upward toward the dorsal border of the tail. In all the adults 
examined by me the termination of this compound rod is consid- 
erably nearer the dorsal border than is indicated by Huxley's figure, 
and presents a rather broad and but slightly rounded tip, with a 
central depression corresponding to the neural or spinal canal; 
see figs. 5 and 6. Here ends the distinct cartilage. Posterior to 
it, and between the two laminae of the 21st or 22nd fin-ray (counting 
from below) is a tract of gelatinous matter which Kolliker (13, 6) 
as quoted by Dumeril (7, 401), seems to have regarded as the 
prolongaj/ion of the notochord. I have been unable to detect any 
difference between this, and the tracts of gelatinous matter between 
the laminae of the other caudal fin-rays. 

But that it may fairly be regarded as the prolongation of the 
notochord, degenerated, and not enveloped by a cartilaginous 
sheath, is rendered at least probable by the following consider- 
ations. 

1. The condition of things in the adult Lepidosteus as described 
and figured by Kolliker (13, 8-11) and myself (19, 161) ; the 
notochord with its cartilaginous sheath forming a slender tapering 
rod extending between the halves of fin-rays to the junction of the 
middle and hinder thirds of the tail. 

2. The existence of an undulation of the dorsal border of the 
tail of Amia corresponding with the termination of the supposed 
notochord. 

3. The greater distinctness of this undulation in young individ- 
uals. 

Transformations. In the Proceedings of this Association for 
1875 (19), I described and figured the stages of transformation of 
the tail of Lepidosteus^ showing that it is at first j^rotocercaZ, nearly 
as in Amphioxus and Petromyzon; then markedly heterocercal ad 
in various genera of sharks and sturgeons; and that finally, "by 
the gradual loss of the "filament" the whole tail is apparently 
constituted by the infracaudal lobe. On page 162 I ventured to 
express the belief that the tail of Amia would be found to undergo 
similar transformations. The form and structure of tbe tails of 
the young individuals here figured encourage me in ttiat antici- 

« In my previous paper (19, 101) it is said that the •* cartilaginous rod is caJIet^'^^'^^ 
chord by Huxley;" most unaccountably his explicit statement in another p/B^"*^^^^ ^ 
respectiitgthilEbKiNkSor oairtiUiginous sheath, was overlooked by me at tbe ^^ 
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pation ; the thickened anterior portion of the dorsal border ceases 
qaite abruptly as if a filament had there been separated, or absorbed. 
Bat to determine the fact it is necessary to procure Amias just 
hatched from the egg^ and to observe them antil about 50 mm. 
long. The changes probably occur earlier, or more rapidly^ than 
in Lepidosteus. 

The importance of such information respecting the development 
of this Ganoid will be made apparent by the facts and consider- 
ations presented by Huxley (11, 12 and 16). 

Variation in the shape of the tail. I am, at present, unable to 
determine the relation of the differences presented by figures 1—5 
to the age or sex of the examples. They may be merely individual 
peculiarities. But the difre]:jence in form and color of the whole 
body between examples from two localities suggests the possible 
necessity of recognizing well-marked varieties, or even species. 

In conclusion I call attention to the markings upon the head of 
the youngest Amia. The stripe from the snout across the eye, and 
to the dorsal angle of the operculum, is also well-marked in the 
young Lepidosteus and in the young Menohranchus. Both stripes 
are visible, though less distinct, in the Amias 70 and 100 mm. long. 
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EXPLANATION OP PLATE. 

Fig. 1. Young Amia^ natural size. 

Fig. 2. Tail of young Amia 60 m>»- long, enlarged; partly dissected. 

Fig. 3. Tail of young Amia TJ^^- long, natural size. 

Fig. 4. Tail of young Amia 10<">- long, natural size. In figs. 2, 3, and 4, D indicates 
the hinder end of the dorsal fin, and R the thickened dorsal border of the tail, which 
may be the remnant of a caudal filament. 

Fig. 5. Tail, partly dissected, of adult Amia, natural size. NC, neural canal laid 
open. HCi haemal canal. H8, hsemal sinus. ^^S^, neural spines. HS, hsemal spines. 
J\r, notochord, with its cartilaginous sheuth, laid open so as to expose the neural canal. 
8, spot at the base of the tail. CR, some of the caudal fin rays, the rest being omitted 
firom the figure. 

Fig. 6. Tip of notochord with its cartilaginous sheath showing the depression cor- 
responding to the neural canal; enlarged 8 diameters. 

Fig. 7. Head of young Amia 55™»>- long, natural size. The left operculum is re- 
moved so as to show the gills, and the posterior serrated appendage (p) upon the 
throat; the anterior is not yet developed. 

Fig. 8. Posterior appendage of young Amia 50»"- long, enlarged 22^ diameters. 

Fig. 9. Anterior (a) and posterior {h) appendages of young Amia 77'bb- long, enlarged 
8 diameters. 

Fig. 10. Appendages of adult Amia, left side, natural size. 

Fig. 11. Part of outer surfiaoe of posterior appendage of adult Amia, enlarged 2 
diameters. 

Fig. 12. Brain of Salmo confinis (lake trout) from above, natural size. Af, medulla 
oblongata. C, cerebellum. O, optic lobes. P^A, prothalami, usually called hemispheres. 
Olf olfactory lobes. 

Fig. 13. Anterior region of the same, enlarged 4 diameters. The dorsal portion of 
the left prothalamus has been removed so as to show the shallow ventricles {FM) in the 
bases of the oifEictory lobes. 

Fig. 14. Anterior region of brain of Lq^idoateua osseus (gar-pike), the left lobes re- 
moved so as to show the mesial surface of the right; enlarged 4 diameters. FAft the 
foramen of Monro leading into the lateral ventricle, the extent of which is indicated 
by the dotted line. 

Fig. 15. Vertical transverse section of the right olfactory lobe of the same brain 
through the middle of the length of the ventricle. 

Fig. 16. Section of the same just behind the rounded anterior extremity of the ven- 
tricle. 
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a brief comparison of the butterflt faunas of europc: ajniy 
Eastern North America, with hints concerning the dkri- 
VATiON of the latter. By Samuel H. Scudder, of Oam- 
bridge, Mass. 

Although a large namber of European insects extend far into 
Asia, only the butterflies of Europe proper^ are here considered ; 
and from these are omitted all such as are peculiar to the Medit- 
erranean borders. In like manner only the American species found 
east of the Rocky Mountains are brought under consideration, and 
from these are excepted the extreme southern species, such as oc- 
cur only upon the Mexican Boundary or the shores of the Gulf of 
Mexico. Thus restricted, the areas of Europe and Eastern North 
America are not very unequal ; they are embraced latitudinally 
by the same isothermal lines, nourish the same cereals, and have 
formed the basis of many faunal and floral comparisons. Writers 
in comparing the insects of the two countries have, as a general 
rule, invited attention to their similarity although acknowledging 
an almost complete distinction of the species. Will a critical 
study of the butterflies of the two regions lead to this conclusion ? 

As above restricted, the European fauna is less than one-quarter 
larger than the American (207 American species to 250 European) ; 
but a greater disparity becomes apparent as soon as we look at the 
comparative numbers of the diflferent groups of butterflies. Con- 
sidering, in the first place, each of the four families into which 
butterflies are divisible, we notice that while more than half of the 
European fauna is made up of Nymphales (131 sp.), less than one- 
third of the American fauna belongs to that family, the number of 
species (65) being only half that of the European. In the next 
two families, the differences are not conspicuous, the Eurales being 
proportionally less abundant in America (43 sp. or 20*8 per cent, of 
the whole) than in Europe (57 sp. or 22*8 per cent, of the whole) ; 
while the opposite is the case with the Papilionides (36 sp. or 17*4 
per cent, in America; 34 sp. or 13*6 per cent, in Europe). We 
return again to a striking disparity when we reach the Urbicolse, 
there being 63 sp. (or 30*4 per cent, of the whole) in America ; 
and less than half that number, 28 sp. (or 11*2 per cent, of tiie 

^ StaudlDger and Wocke's Catalogue of the Earopean Lepidoptera, and my list of the 
Bntterflies of N. America, north'of Mexico (part of it BtiU unpublished) are used as the 
basis of the statements in this paper. 
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whole) in Europe. As contrasted with each other, then, Europe 
is peculiar for its wealth in Nymphales, America in Urbicolas. 

Looking more closely into the respective representation of the 
members of these families on either side of the Atlantic, we shall 
find resemblances and disparities equally striking. The accom- 
panying table, giving the number of species in the different groups 
in the two countries, and their percentage of the whole butterfly 
fauna in the same, tells its own story, but it is worth while to call 
attention to one or two points : First, that the great disparity in 
numbers of Nj'^mphales and Urbicolse on the two continents is 
almost wholly due to the vast number of Oreades in Europe, and 
of Astyci in America. Of the former group there are 77 species, 
or 58-8 per cent, of the Nymphales and 308 per cent, of the total 
fauna in Europe, against 19 species (less than one-fourth of the 
number in Europe), or 29 '2 per cent, of the Nymphales and 9*2 
per cent, of the total fauna in America ; of the latter group 44 
species or 69*8 per cent, of the Urbicolae and 21*3 per cent, of the 
total fauna in America against 9 species (one-fifth of the number in 
America) or 32*2 per cent, of the Urbicolae and 3*6 per cent, of 
the total fauna in Europe. Second, that while the Ephori are twice 
as numerous in America (20 sp.) as in Europe (10 sp.), the bal- 
ance is more than restored by the superior number of Adolescentes 
in Europe (in Europe 38 sp., two-thirds of the Rurales, or 16*2 per 
cent, of the whole fauna ; in America 13 species, or less than one- 
third of the Rurales, or 6*3 per cent, of the total fauna). TJiird, 
that there is no similarity whatever between any of the minor 
groups of Papilionides, excepting in the Voracia, which number 
eight species in Europe and five in America ; in the other groups 
we find the Fugacia twice as numerous in America (20 sp.) as in 
Europe (10 sp.), and the Frugalia numbering seven species in 
Europe against two in America ; while in the other subfamily of 
Papilionides, there are six Parnasii in Europe and none whatever 
in America ; and bul three species of Equites in Europe against 
nine in America. Fourth, that while there is so great a disparity 
in the number of Astyci among Urbicolae, the parallel group of 
Hesperides is almost equally represented in each country. 

Notwithstanding such striking contrasts, a glance at the table 
would seem to show many resemblances perhaps equally marked ; 
but upon analysis these will be seen to disappear. In illustration, 
we may examine two striking cases, Prsefecti and Hesperides. 
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TABLE GIVING THE BELATIYE NUMBER OF SPECIES OF THE 

DIFFERENT GROUPS OF BUTTERFLIES IN EUROPE 

AND EASTERN NORTH AMERICA. 



VAXm OF OBOUP. 



NUVBEB OF 8FB0IBS. 



FEBCENTAGB OF 
TOTAI< FAUNA. 



Oreadea (Meadow browns) 

Hellconids 

Argonautae 

Archontes (Emperors) 

I^iefecti (Angle-wings) , 

Dryades (Fritillaries) 

Hamadryades (Melitaeans)... 

Najades 

Hypati (Snout butterflies) 

XTymphales 

Yestales (Erycinids) 

Ephori (Hair-streaks) 

Adolescentes (Blues) 

Yillicantes (Coppers) 

Plebeii (Lyctenids) 

BuraleB 

Fugacia (Yellows) 

Yoracia (Whites) 

Frugalia (Orange-tips) 

Danai (Pierids) 

Pamasii 

Equites (Swallow-tails) 

PapilioninsB 

Fapilionides 

Hesperides (Large skippers) 

Astyci (Small skippers) 

Castnioides 

Urbioolsa (Skippers) 

Total 



Europe. 



8 

6 
11 
20 
14 



10 

88 

8 



10 
8 
7 



6 
8 



19 
9 




TJ 




63 

1 

131 

1 



66 
67 



26 



9 
84 



28 
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America. 



8 

8 

11 

16 

10 



20 
18 

8 



20 
6 
2 





9 



18 

44 

1 



19 
2 



43 
1 

66 
2 



41 
43 



27 



9 
36 



63 



207 



Europe. 



80*8 
0-0 
1-2 
2-0 
4-4 
8-0 
6-6 

21-2 

0-4 

62*4 

0*4 

• 4-0 

16-2 
8-2 

22-4 

22*8 

40 

8*2 

2-8 

10-0 
2-4 
1-2 
8*6 
13*6 
7'6 
8-6 
00 
11*2 
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America. 



g-2 
1-0 
1-4 
1-4 
6-3 
7-7 
4-8 
20-8 
0-5 

31-4 
10 
9.7 
6*8 
8-9 
19-8 

20-8 
9-7 
2-4 
10 
13-0 
00 
4-8 
4-3 

17.4 

8-7 

21-3 

0-6 

30-3 
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The former group, Praefecti, is represented in both coantries by 
the same number of species (11) and presents closer resemblances 
on the two continents than any other group of butterflies, because 
its genera are mainly genera of the north temperate zone ; three 
species of the group, indeed, are identical on the two continents, 
and it seems probable (on grounds given in another paper) that 
two of these have been introduced from America to Europe, and 
one from Europe to America. If we assume this, and refer these 
species solely to their proper country, we shall find that of the six 
American and six European genera of Prsefecti, four are repre- 
sented on both continents. In the latter group, Hesperides, the 
number of species (18-19) is almost equal in both countries ; one 
species is common to both (probably indigenous in Europe), but, 
as the genus to which it belongs is otherwise represented in each, 
it does not affect the result ; of the eight American and four Euro- 
pean genera belonging to this group, only two are common to 
both, and in these two the representation is very unequal ; Tha- 
naos having six species in America against two in Europe, and 
Hesperia fourteen in Europe against two (one of them the intro- 
duced species) in America. 

In other groups the differences ^e very observable. Thus, of 
the nine American genera of Ephori, but one is represented in 
Europe, and even in this group (Thecla) the European species 
have a peculiar facies distinct from the American. Only one of 
the seven American genera of Fugacia, and two of the seven 
American genera of Equites are found across the Atlantic ; and 
in the Astyci only three or perhaps four of the twenty-three genera 
found in Amenca occur at all in Europe. Or, if we sum up the 
whole, we may say that of the 105 An^erican genera of butterflies, 
only twenty-seven or twenty-eight (or about one-fourth) are repre- 
sented in Europe ; and of the others, there are but seven intimately 
related to European genera. 

To analyze minutely these points of resemblance would demand 
more detail than can be given here ; but a careful study will show 
that they are almost all confined to groups which are boreal in 
their aspect; and if we had excluded from this comparison the 
American species occurring only in Canada and northward, to- 
gether with the European species found only in the high north ; 
and had included the Texan and Floridan species on the one hand 
and the Mediterranean on the other, not only would the number 
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of species have been considerably augmented, but the resemblances 
would have been greatly diminished and the differences more than 
proportionally increased. 

A word may be added concerning the identical specie^. They 
are but eleven at most, out of the 234 species found south of the 
Canadian border and east of the Rocky Mts. Four of them have 
doubtless been introduced from one country to the other ; four 
more, which have been thought identical by some writers are boreal *. 

forms which reach down into the United States ; the same may be 
said of one other, certainly identical. This leaves but two, Cyarti- 
ris Psetidargiolus and Heodes Hypophlceas (doubtless descended in 
a remote past from the ancestors of Cyanins Argiolus and Heodes 
Phlceaa) whose identity or intimate resemblance requires expla- 
nation. This is certainly a small number out of the hundreds of 
species on the two continents. 

It will be evident from what has been stated that a considerable 
portion of the present butterfly fauna of the Eastern United States 
has been derived from the north, and a still greater portion from 
the south. If we are further to judge of the derivation of the 
present fauna by the geographical distribution of its nearest allies, 
we shall come to no uncertain conclusions. Omitting from con- 
sideration such species as are plainly derived from the north or 
the south, and the few species believed to have been introduced, 
there will be left about 140, which may be considered the foundation 
of the fauna, including nearly twenty genera peculiar to it. A 
careful study of the affinities of these 140 species shows that more 
than three-fourths (77-80 per cent.) of both genera and species 
have their nearest allies in the south, — mostly in Mexico and 
Central America. Nearly all of the remainder belong to genera 
represented around the entire temperate zone of the northern 
hemisphere, and a few are not distantly allied to East Indian gen- 
era. Excepting those which are closely connected either with 
European or with western American species, I do not recall a 
■ single genus peculiar to the region, unless it be Feniseca, which 
is unique. We may therefore conclude that by far the greater part 
of our present fauna was derived from the south. 

In conclusion, it may be simply remarked that the features of 
this comparison would be still further intensified if we had entered 
into minute details ; but enough has been said to show that but a 
tithe of the resemblances or distinctions pointed out could have 
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been traced, if bo regard had been paid to those minuter structural 
peculiarities, upon which genera should be based. As has been 
-well said by a recent writer, it is ^'just this sort of nearer and 
more critical comparison" of structural forms, which ^'we now 
evidently need in order to discuss the question of geographical 
distribution to any purpose or advantage." The time is past when 
biological science can be satisfied with the superficial examination 
of striking features and the cursory descriptions of new forms. 
Resemblances are as important as distinctions ; and the intimate 
and detailed study of every structural part of any creature will 
constantly lead to new points of comparison with allied animals. 
Until all of these are obtained, we have not reached the full solu- 
tion of the prime question : Whence was it derived in time and 
space? 



On an Extensile penetrating Organ in a Gamasid Mite. By 
Chas. Y. Rilet, of St. Louis, Mo. 

There is a well known mite parasite of beetles and other Artic- 
ulates, described in European works as Uropoda vegetans^ which 
possesses the peculiarity of attaching itself to the hard, shelly 
parts of its victim by means of a thread-like filament that issues 
from the posterior part of the body. The body is broadly oval, 
depressed, in one piece, somewhat coriaceous above and yellowish 
brown in color. The filament is supposed by most authors to be 
secreted by special organs and to penetrate the victim and furnish 
nourishment. Careful study of a very similar species which infests 
Coleoptera in this country, and among others 2>ory2)^ora lO-lineatay 
or the Colorado Potato-beetle, has convinced me that the anal fila- 
ment is excrementitious, sticking to the beetle by a flattened disc 
and issuing from an anal vent just beneath the extremity of the 
body. I have, however, discovered a curious extensile and pene- 
trating organ which seems to be homologous with the maxillae, and 
which has remained unobserved by other investigators. It is 
composed of two parts, each terminating in a two-fingered claw, 

A. A. A. S. VOL. XZV. 18 
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■omawbat reMmbliDg that of a lobster. At rest them t; 
lie Jurt beneath the bUii between the iega, tbcir bases rea. 
the ADDS, and their tips eitending between the flront coxae, 
extended, the; are nsnallj bronght closely txtgether, and 
the whole length of the animal beyond the bead. Tbe ex 
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ins eileDBile organ* between the legs, and (e) eKcrBmantltlonB fllament; e, ei(o 
on*DB prolmdod ; if, olav of Bame — all greatly enlarged. 

titious thread fVom the anus is tVogile and easily breaks, bat tin 
curious organs enable the mite to hold on to its hard-bodied pi 
with greater tenacity.' 

> As nill be Men b; the figure, these organs la repoBe extend 80 fUbftCk totrRrdI 
anas Ihat it ia dlfficnlt to believe that thej compow part of the moith aCmcIiirB, j 
in carerutly stadying them I felt convinced that they were mazlllB, or rather the honK 
Ognea of theee organe in hexapada, and, In June, 1S76, bo Informed Dr. A. 8. Pacianl 
Jr., to whom I snbmttlod apecfmona. Tlironghhla oourtesy and since the «bore papei 
wae read before the AgBodatlon, I bare had tbe pleasuie o( perusing an alsbonU 
and admirable article by P. Kramer, of Scbleueingan, Fmssia, on tbe aatand biste? 
of certain genera In the ftmilj OamaaldiB, pubJIshed In OieATcMvJ^ierNalursraclikliU, 
4SA year, Part 1, 1878. According to Kramar these hitherto undascribad organs (liii 
Sduerentatler) occur lu most Gamaeld mites, Chough differing greilly la lengih uii 
considerably In form In different epectea. He considers Uiem ajoiaied, Ida bas^Jofnl 
Blmply cylindrical, the second likewise ao at base, but andlng in a slnjiigly cbltiolied 
claiv. generally toolbed inside, and the third forming the Inside 13ngetof UiecJaiF iSs! 
generally toothed. In Urigxiiia Amtricana ao true Joints arediaoenitlileinllte bcHljoT 
the proceBsea, though Oiera are rsBCrlctionB. Tbese niaiUlai an ctidmll; elatlli: ud 
tbe anterior portion may be retracted more or less into tbe basal. Nor slKtold I deaif 
nale as a Joint the thumb-like articulation of tbe larminal claw. laiM, aose clsm 
«eem to me to both of them artTculaCe on the end of the proc«aa. In Uie t|»cjes ug jgr 
conalderation two teeth are sometimes dlacemed on tbe small tbuii, bat onUn^ 
■thej ore not easily resolTed, 
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**'' i'v This mite, except in the peculiar penetrating organ atid in the 
■' %*v '^ody being in one piece, very closely resembles the descriptions of 
*'-:i?iie Oamaaus [Carpais Latr."] coleopteratorum of Europe, and has, 
'*-''r. believe, very generally been considered the same. It has, how- 
ir^iver, all the characters of Uropoda^ and I cannot think that the 
dight differences between Gamasus and Uropoda are of generic 
I (ralue. This American species may be known as Uropoda Ameri- 
cana^ and I give herewith its characters more in detail. 

IL.ength 0*6 mm. Body in one piece, oval in ontllne, slightly produced 
I in front, the back forming a polished, plano-convex carapace, with a thin 
and slightly dilate border, surrounded with 28 stiff hairs at regular inter- 
vals, with intermediate, more minute ones. Mandibles scissor-like, sharp- 
pointed ; maxillary palpi 5-jointed, the joints sub-equal, with a few stiff 
hairs, and one longer setous hair f^om the basal Joint; the extensile 
organs as described above, showing three faint constrictions but not artic- 
ulate. Legs almost equal in length, the hind pair very slightly longest, 
and the third pair somewhat shortest ; all armed with stiff hairs, and a 
vascular, elastic sucker at tip and two very minute daws ; ttont pair with 
a long seta from apex extending along the outer side of the sucker. 

^ I would more particularly call the attention of specialists to the 
curious penetrating organ here described, as its homology is by no 
iiio^^: means clearly made out. The excrementitious filament from the 
anus varies in length and thickness and is often two or three times 
as long as the mite, and while it generally issues from the anal 
vent in a continuous and unbroken thread, it is not unfrequently 
severed and attached to other parts of the venter. 
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On the Cubious Egg Mass op Cobtdalus cobndtus (Linn.) and 
irrrxk' Qjj THjj Eggs that have hitherto been befebbed to that 

Species. By Chas. V. Riley, of St. Louis, Mo. 

OuB largest Neuropteron, belonging to the family SialidoB^ is 
Corydalus cornutus. It is not uncommon in the Eastern and 
Middle States, and is known in the Mississippi Valley by the 
vulgar name of the Hellgrammite. In the female the mandibles are 
quite formidable, but in the male they are curiously modified, and 
form long, incurved, smooth, prehensile organs of the form of the 
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finger of a grain cradle, and evidently of use in enabling liizn to 
embrace his mate. The larva of this fly occurs in running streams, 
living mostly at the bottom, and hiding under stones in the swiftest 
parts. It has strong jaws, and in addition to the ordinary stigmata, 
it is furnished with two sets of gills, one set lateral and filamentous, 
the other ventral, and each composed of a sponge-like mass or short 
rust-brown fibres. 

Its body terminates in two fleshy tubercles, each armed with a 
pair of hooks. It is best known in the full grown condition when, 
in seeking for a place in which to undergo its transformations, 
it travels and climbs on the shores of our rivers, and sometimes to 
great distances. Called a " crawler " by fishermen, it is greatly 
esteemed as bait. The pupa is quiescent and formed in a cavity 
in the ground. The supposed eggs of this insect were figured and 
described in the "American Entomologist," and in the Fifth *' Mis- 
souri Entomological Report," as oval, about the size of a radish 
seed, and deposited in closely set patches of fifty and upward upon 
reeds and other aquatic plains ^^ and they have since been fre- 
quently referred to, no one questioning the accuracy of the con- 
clusion of their discoverer, the late B. D. Walsh. 

About the middle of last July, in sailing up the Mississippi 
Biver between Bushberg and St. Louis, my attention was attracted 
by sundry white splashes on the leaves of various plants that over- 
hung the water ; which splashings, at a distance, looked not un- 
like the droppings of some large bird. Approaching more closely 
to them, however, they were seen to consist of sub-oval or circular 
swellings, with more or less white splashed around them; and 
upon still closer inspection they proved to be egg-masses. They 
were generally attached one to the upper surface of a leaf of either 
Sycamore, Elm, Cottonwood, or Grapevine ; but sometimes there 
were several on the same leaf, and at others they occurred on both 
sides of the leaf. It was evident that the leaves were objects of 
attachment only ,2 and from the fact that only those which overhung 
the water were selected by the parent, it was natural to infer that 
the species was aquatic in its larva state. Yet these egg-masses 
greatly puzzled me, as indeed they did all naturalists to whom I 

1 Hy own belief now is that these eggs in reality belong to Belostoma grandia (Linn.). 

s Since this was written, I learn from Mr. J. A. Lintner of Albany, N. Y., that he has 
found these egg-masses attached to rocks in the Mohawk Riyer, though he had no 
knowledge of their parentage. 
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reftrred them ; for the eggs of the larger water-beetlea were known, 
those of Corydalus were supposed to be known, and there was only 
one other insect in North America, viz., Belostoma grandis, large 
enough to he capable of laying such a mass. But the eggs were 
evidently not Heteropterous. 

Patiently waiting till the eggs hatched, I recognized at once in 



CoBiDAUta cOBNCTirB:— o, a, egg msea ftom aboTe; h, Bime fhim beneath, JubC 
before tbeyoang batch — nac. size; c. some or the ootalde egga; li. larva; e,f,g,h, Ua 
mouth-parts i i, claw; J, anal hoaka — all enlarged. 

the young larva the characters of Corydalus comutus, with the full 
grown larva of which I was familiar ; and upon dissecting the abdo- 
men of a female Hellgrammite, the nature of the curious egg-masses 
was fully confirmed in the perfect identity in shape and arrangement 
of those composing them, and of those in said abdomen. 

The egg-mass of Corydalus comutus is either broadly oval, cir- 
cular, or (more exceptionally) even pyriform in circumference, flat 
on the attached side, and plano-convez on the exposed side. It 
averages 21 mm. in length, and is covered with a wbite or cream 
colored albuminous secretion, which is generally splashed around 
the mass on the leaf or other object of attachment. It contains 
iVom two to three thousand eg^, each of which is 1*3 mm. long 
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and about one-third as wide, ellipsoidal, translucent, sordid white, 
with a delicate shell, and surrounded and separated from the ad- 
joining eggs by a thin layer of the same white albuminous material 
which covers the whole. 

The outer layer forms a compact arch, with the anterior ends 
pointing Inwards, and the posterior ends showing like faint dots 
through the white covering. Those of the marginal row lie flat on 
the attached surface ; the others gradually diverge outwardly, so 
that the central ones are at ri^t angles with said object. Beneath 
this vaulted layer the rest lie on a plane with the leaf, those 
touching it in concentric rows, the rest packed in irregularly. 
Before hatching, the dark eyes of the embryon show distinctly 
through the dejicate shell, and the eggs assume a darkbr color 
which contrasts more strongly with the white intervening matter. 

The young crawl from under the mass and leave the vaulted 
covering intact. They all hatch simultaneously, and in the night. 

The egg-burster 3 has the form of the common immature mush« 
room, and is easily perceived on the end of the vacated shelL The 
young larvae crawl readily upon dry surfaces, with their tails 
hoisted in the air, and live for a day or more out of water ; but 
when hatching out over an aquarium, they instinctively drop to 
the water, where, after resting for a while, with their bodies hang- 
ing down and their heads bent forward at the surface, they swim 
to the bottom by whipping the body from side to side, very mudi 
as a mosquito wriggler does. Here they secrete themselves and 
remain until, in the course of a few days, they perishi They can- 
not be reared in confinement, and running water is doubtless as 
essential to them as to the full grown larva. 
' The newly hatched larva differs from the full grown larva in tiie 
relatively longer legs and lateral filaments; in these last being 
smooth and not clothed with short hairs; in the abdomen not 
bulging at the middle, and in lacking the sponge-like gills beneath. 
The head is wider than the rest of the body, which tapers from the 
first to the last joint. The prothoracic joint is as long as, or longer 
than the meso, and metathoracic joints together^ and the abdominal 
joints increase in length as they diminish in width. The legs are 

• ■ I 

r I 

> I am not aware that this special structure has been named. It is generally If Mfl 
always, a part of the ambioni and is common to many insects, though yarying mttAum 
form. It may be known as the ruptor ovi. Dr. Hagan has called it the ** egg-b 
whUe erpetologists designate as the '* egg-tooth^' a structure having the aame pisr 
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nearly thrice as long as the width of the thoracic joints ; the claws 
are movable and about } as long as the tarsus ; the tibia and tarsus 
are sub-equal; the femur somewhat longer; the coxa and tro- 
chanter about as long as the femur : there is a whorl of bristles 
toward the end of the femur and tibia ; the mandibles are stout, 
with two principal teeth, the basal with three notches, and the ter- 
minal one finely serrate : the maxillae are elongate, reaching beyond 
the jaws, and with a simple inner, and a 2-jointed outer palpus, both 
having basal folds which often look like a basal joint : the antennae 
are 3-jointed and reach beyond the jaws, the middle joint longest, 
the terminal nearly as long, and tapering : the labium is elongate- 
quadrate, tipped with two small tubercles, and with the palpi 2- 
jointed — the joints sub-equal. A few hairs occur on the sides of 
abdomen between the filaments. 



Biological Notes on the Army Worm (Leucania unipuncta 
Haw.). By Chas. V. Riley, of St. Louis, Mo. 

The Army Worm is one of the most destructive insects to North 
American Agriculture. At irregular intervals it sweeps through 
our meadows and grain-fields, about the time that wheat is begin- 
ning to ripen ; often rendering them unfit for the mower or harvest- 
machine. It proves injurious from Maine to Texas, and from the 
Atlantic to tl^e 100th meridian ; and though the same species, or 
geographical races of it occur in other parts of the world, it is not 
known to be anywhere else so injurious. It is the larva of Leu- 
cania unipuncta Haw., a Noctuid with buff-colored wings, and char- 
acterized chiefly by having a conspicuous white speck on the disc 
of the primaries. Up to the year 1861 its parentage was unknown, 
and it is a singular fact, that notwithstanding the great abundance 
in which the insect occurs all over the country indicated, during 
certain years, the nature of the eggs, and the time, place and 
mode of oviposition remained unknown up to the present year. 
Two trains of circumstances, as I have elsewhere shown (8th Mo. 
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Ent. Bep.),43erye to explain this fact. The one is, that during 
great Army Worm years, when the species most attracts attention, 
the worms are so followed by parasitic and predaceous insects, and 
80 persecuted and destroyed by other animals, including man, that 
comparatively few, of them survive long enough to produce the 
moths. The other, that in seasons when the insect does not 
abound, no one thinks of looking for the eggs. 

The time and place of oviposition in this species is quite import^ 
ant from the economic standpoint. Structure is a very reliable 
index to habit, and anatomical study of the structure of the ovi- 
positor, made last winter, convinced me that there was a third and 
more important reason why the eggs had remained undiscovered, 
viz., that they are secreted. With this clue, I have been able, the 
present year, to solve the mystery and to prove the correctness of 
the conclusion arrived at from structural study. 

The eggs are indeed thrust in between the sheath and stalk of 
well-grown grasses whether cut or standing; or occasionally in 
between the natural fold of the green leaf, or the unnatural curl 
at the sides of a withered leaf. In low blue grass, where my first 
observations were made, they are almost invariably laid in the fold 
at the base and junction of the terminal blade with the stalk. The 
•moth invariably endeavors to secrete them. They are generally 
laid in single rows of from five to twenty and upward, and accom- 
panied with a white, glistening, viscid fluid, which glues them to 
each other and to the plant, and, when they are laid in the fold of 
a spear, draws the two sides securely over them, leaving but a 
glistening streak along the more or less perfectly closed edges. 
Each egg, when first laid, is spherical, 0*4"°* in diameter, smooth, 
opaque white, with a very delicate and yielding shell, which, 
before hatching, becomes faintly iridescent, and shows the more 
sordid embryon within. The newly hatched larva is a looper, the 
two front pair of prolegs being so atrophied that it necessarily 

loops the body in crawling, as the full grown 
larvse of another large family of moths — the 
Geometridse — normally do. A large number 
of Noctuids in which the full grown larva has 

Chrysalis of Army , , , .««,,,, -i 

Worm. the normal complement of fully developed pro- 

legs, exhibit this peculiarity in the early larval 
stages, and if the reduction of prolegs can be taken as evi- 
dence of progressive development, the Noctuids must clearly rank 
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beneath the Geometricis, thongh not so ranbed by most Bystem- 

atists.i 

The newly hatched Army Wonn bears no resemblance to the 
flill grown individnal, and is ao small and so much of a color with 
the pale base of a grass blade that it would be scarcely noticed, 
even where occurring in hundreds to the square foot. It develops 
very rapidly, going tiirongh five molts and attaining flill growth in 
ftom two to three weeks. 

There is one other mooted question in the natural history of the 
Army Worm which I have this summer been able to settle, viz., 
whether the species is single or double brooded. In a review of 
the matter in my 8th Report, I came to the conclusion that, in the 
more northern States, at least, or over the larger portion of the 
country in which it proves injurious, it is but single-brooded ; and 
I am still of the opinion that such is the case. But I have proved 
that, like bo many other species which are single-brooded further 
north, it is frequently, if not always, donble-brooded in the lati> 
tude of St. Louis. By careftilly feeding the motlis reared from 
my first larvie with sweetened water, and supplying them with 
grass in spacious vivaria, I succeeded in obtaining eggs from them. 
These eggs in due time hatched, and the 
second brood of worms gave me the moths 
again early in August. The worms were 
generally paler than tliose of the first brood, 
and being the second generation reared in 
confinement, They were less healthy. I ob- 
tiuned, in consequence, but five moths, all of 
them unfortunately females. One of these 
escaped, three died without showing any de- 
velopment of the ovaries, while the fifth died 
with the ovaries so well developed that the 
eggs, in a state of nature would probably 
have been laid within a week. 

It is very clear from the above recorded 
facts that the eggs of this insect do not as a wuim. 

rule, if at all, pass the winter at the foot of , 
dry grass stalks, as was heretofore surmised. Nevertheless, the 

■ AlUrtbe read Lag of this paper, It was clntmed, and I Uiinkjaatl;, byDr. J. L. Ls- 
Conte andUr. S. H. Scndder, tbst relative rank muat be Judged of by chvacters within 
the groups conBidered, mid Dot in compuriBOn with other groups or orders; and as the 
newl; batched Koctuld often approachea Id this reepect the full-grown tieometrid 
luTtt, the Uttar are properly considered Inferior In ntnk. 
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bnnung orer of meadows and gram atnbble in winter will act as a 
preventive of Army Worm injuriea, for the reaaons that the moth 
lays very early in the spring ; that she prefers the fbll grown aheath 
and stalk even when dry, to the yoang green spears ; and that she 
cannot well lay her eggs, for want of support, where the grass is 
yet sparse and thin as it is when first starting in a burned meadow. 
In my own e^>eriments the females, in secreting their eggs, in- 
Tariably showed a preference for old hay over fresh and growing 
grass. Finally, without entering into further details, I give the 
following as « revised summary of the history of the Army Worm. 
The insect is with ns every year. Id ordinary seasons when it 
is not excessively numerous, it is seldom noticed, — 1st, because the 
moUie are low, swift flyers, and nocturnal in habit ; 2nd, because 
the worms when young have protective coloring, and when mature 
hide during the day at the base of meadow grass. In years of 
great abundance the worms are generally unnoticed dnring early 
life, and attract attention only when, ftom crowding too much on 
each other, or from having exhausted the food supply in the field 
in which they hatched, they are forced fkt>m necessity to migrate 
to fresh pastures in immense bodies. The earliest attain tall 
growth and commence to travel in armies and to devastate our 
fields and attract attention about the time that winter wheat is in 
the milk ; this period loeing two months later in Mwne than in 8. 
Missouri ; they soon afterwards descend into the gronnd and thus 



suddenly disappear to iasne again two or three weeks later as 
moths. In the latitude of St. Louis the bulk of these moths lay 
eggs from which are produced a second generation of worms which 
become moths again late in July or early in August. Farther 
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north, there is but one generation annually. The moths hiber- 
nate and oviposit soon after vegetation starts in spring. The eggs 
are inserted between the sheath and stalk, or secreted in the folds 
of a blade. Mature and perennial grasses are preferred for this 
purpose by the parent. The worms abound in wet springs preceded 
by one or more very dry years. They are preyed upon by numer- 
ous enemies which so effectually check their increase whenever they 
unusually abound, that the second brood, where it occurs, is sel- 
dom noticed, and two great Army Worm years have never followed 
each other, and are not likely to do so. They may be prevented 
from invading a field by judiciousditching, and the burning over of 
a field in winter or early spring effectually prevents their hatching 
in such field. 

It is thus that questions which have caused discussion for years, 
and given rise to various theories, are settled, and circumstances 
that seemed wonderful, and difficult to account for, are explained 
by a few careful observations and experiments. • 
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, of Greek, or Etruscan art. Without doubt the Romans had tra- 
ditionally preserved certain primitive forms belonging to their 
models, but to these models the imitations are in point of execution, 
extremely inferior. 

I will not speak here of the complete degradation into which 
the art had sunk on the fall of the Roman Empire when the mate- 
rial formed the only value of the ornament. Jewellery among the 
early Christians had but the rude simplicity which at that time 
belonged to all the productions of this lost art. 

The transfer of the seat of the empire to Byzantium marked a 
new phase in the history of jewellery. It became quickly grafted 
on the Arab art, and by means of this new element acquired quite 
a different style froln that which it had derived from the artists of 
antiquity. Enamels, precious stones, pearls and coarse chasings, 
all mounted together with an exuberance of barbaric luxury, con- 
stitute the characteristic traits of that Byzantine school, which, . 
whilst it preserved in the general disposition of its ornamentation 
the square forms of Greek art, served so well for the transition 
between ancient and modern art of the period of the Renaissance. 
I will not speak of what jewellery had become in the hands of 
the Goths and of the Lombards. We have an example in the 
celebrated crowns of Toledo now placed in the museum of the 
Hotel de Cluny. In these crowns, gold is treated as a village 
blacksmith would hardly at present treat tin or copper. In making 
this remark, however, I would by no means depreciate the incom- 
parable scientific value of these rare objects. 

After the close of the tenth century the art profited by the gen- 
eral aspiration of the public mind, just delivered from fears created 
by gloomy prophecies, towards a better future. 

We need no other proof of this than what is furnished by The- 
ophilus and his school, and by the relics of that time which have 
come down to us. By insensible advances the Art gradually de- 
veloped itself up to the fifteenth century, when it suddenly ex- 
panded under the direction of the new Italian school, at the head 
of Tvhich stood, Maso Finiguerra, Caradosso, Cellini, and many 
other eminent artists, who accomplished wonders in it. But this 
Renaissance was not, as regards jewellery, a return to classic 
forms ; on the contrary, an entirely' new school sprang up. New 
experiments, new elements and new methods were introduced; 
chasings, engravings, enamelling and nielli were employed in end- 
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less variety ; neither in design nor workmanship was there any 
reminiscence of antiquity. 

The gold ornaments of Vulci, Cervetri, Chiusi, Toscanella and 
of Kertch, remain still buried in the mysterious tombs which held 
their ancient possessors. Had Cellini any knowledge of their ex- 
istence and was he willing to take them as models ? From the 
time of Cellini the art, instead of progressing, lost much of its 
luster, till it became entirely degraded in the hands of the Span- 
iards. 

I will not enter into the history of this decay of jewellery, losing 
every day its artistic character to become more and more in modern 
times a mere object of trade and of paltry speculation. Grieved 
at witnessing in Rome the prevalence of this deplorable influence, 
my father, younger brother and myself believed that it might 
be a matter of some importance, in the midst of the universal im- 
provement of taste, to give a purer and higher direction to the art 
to which we had devoted ourselves. 

In the year 1830, some fortunate excavations brought to light 
the treasures hidden beneath the soil of Etruria. Every one was 
struck with admiration at the beautiful ornaments discovered in 
the cemeteries of this mysterious country ; and my father was the 
first to form the design of imitating some of them. Encouraged 
by the praise and counsel of friends of the arts, among whom I 
may mention as holding the first rank the Duke Michelangelo 
Caetani, known as possessing the purest taste and the feelings of 
a true artist, he received at Rome the art of the jeweller by taking 
as models the most perfect examples that antiquity could furnish 
him. 

The discovery of the celebrated tomb known as that of Regulini 
Galassi at Cervetri^ was an event of the highest importance in re- 
gard to our enterprise. On the Papal Government expressing a 
wish' to become possessed of the objects in gold found in. this 
crypt, my father and I were called upon to examine them with the 
utmost care. We had thus an opportunity of studying the partic- 
ular character of Etruscan jewellery, and, holding thereby in our 
hands the thread which was to guide us through our researches, 
we set earnestly to work. The subsequent discoveries of Campa- 
nari at Toscanella, and of the Marquis Campana at Coere, and 
the excavations made at Vulci with so much intelligence by our 
friend Francois, by Prince Torlonia, and by Mr. Noel des Vergers, 
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have revealed new treasures to us and have furnished models of 
the most exquisite elegance. 

Our first object was to detect the processes by which the ancients 
worked. We remarked that all their jewellery , except that intended 
for funeral ceremonies, instead of owing the raised parts to chis- 
elling or engraving, were formed by separate pieces brought 
together and placed one upon the other. This it is, in my opinion, 
that gives it so peculiar and marked a character, derived rather from 
the expression, as it were, of the spontaneous idea and inspiration 
of the artist, than from the cold and regular execution of the 
workman. Its very imperfections and omissions, purposely made, 
give to the workmanship that artistic character altogether wanting 
in the greater number of modern w^orks, which, owing to a monot- 
onous uniformity produced by punching and casting, have an 
appearance of triviality depriving them of all individual character ; 
that charm which so constantly strikes us in the productions of 
the ancients. 

The first problem then that offered itself to our attention was to 
find the means of soldering together, with the utmost neatness and 
delicacy, so many pieces of extraordinary thinness. Among others, 
those almost invisible grains, like little pearls, which play so im- 
portant a- part in the ornamentation of antique jewellery, presented 
diflSculties nearly insurmountable. We made innumerable essays, 
emplo^^ing all possible agents and the most powerful dissolvents 
to compose proper solder. We consulted the writings of Pliny, 
Theophilus and Benvenuto Cellini ; we neglected no other sources 
of instruction with which tradition could furnish us. We studied 
the work of Indian Jewellers and those of the Maltese and Genoese, 
but it was only in a remote corner of the Marches at St. Angela 
in Vado^ a little district hidden in the recesses of the Apennines 
far from every centre of civilization, that we found still in use 
some of the processes employed by the Etruscans. There yet 
exists, in fact, in this region of Italy, a special school of traditional 
jewellery, somewhat similar — not certainly in taste or elegance of 
design, but at least in method of workmanship — to the ancient 
art. The beautiful peasant girls of these districts, when at their 
wedding feasts, wear necklaces and long earrings called Navicelle^ 
much resembling in workmanship the antique. We procured then 
from St, Angela in Vado^ a few workmen to whom we taught the art 
of producing Etruscan jewellery. Inheriting the patience of their 
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forefathers, and caring nothing for those mechanical contrivances 
by which geometrical exactness is attained in modern jewellery, 
these men succeeded better than all whom we had previously em- 
ployed in the imitation of that freedom of style, which is the 
particular characteristic of the art among, the ancients. 

In substituting arseniates for borax as solvents and reducing the 
solder to an impalpable file-dust, we obtained results of a suffi- 
ciently satisfactory nature. We profited, also by the chemical 
studies of my father in the coloring of gold. We dispensed, as 
much as possible, with the use of the punch and of the jet. Having 
come to the conclusion that certain works of the ancients, very 
delicately executed, must have been done by women, we confided 
to intelligent workwomen that which required the most delicacy. 
The result was excellent, especially in the placing and soldering 
of that little granulation which is carried over the face of most 
Etruscan jewellery. 

In a memoir on antique jewellery which I read in 1860, at a 
meeting of the Academie des Inscriptions et Belles Lettres in Paris, 
I made the following conclusion : "Nevertheless, we are convinced 
that the ancients had some special chemical processes for fixing 
these strings of small grains of which we are ignorant ; for, in 
spite of all our efforts, we have been unable to reproduce some 
exquisitely fine workmanship, and despair of being able to do so, 
unless aided by some new scientific discoveries. We do not, how- 
ever, intend to discontinue our labors, and it is therefore with 
confidence, gentlemen, that I address myself to you. If your 
studies of antiquity in all its branches have brought to your notice 
any passages in the classic authors which may put us on the track 
of discovering the secret of which we are in search, be so good, 
in the interest of art, to point them out to us, and be assured that 
we shall feel grateful for your assistance." 

This I said sixteen years ago. I have now the satisfaction to 
declare to you^ who so nobly represent the Science of America 
and Europe in this Congress, that the lost art of the granulated 
work of the Etruscans and Greeks, has been at last entirely revived 
by us. 

The specimens of gold ornaments in granulated work, which I 
exhibit in the Italian section (Main Building) in the Centennial 
Exposition at Philadelphia, will enable you to judge yourselves of 
the results of our studies of the art under its ancient forms, which 
have been, and will still continue to be, our models. 
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The Antiquites op Porto Rico. By O. T. Mason, of Washing- 
ton, D. C. 

Whenever any of the stone implements of the ancient inhabi- 
tants of Porto Rico have fallen into the hands of collectors, they 
have awakened admiration by their symmetry and uniqueness of 
form, by their variety and chasteness of ornament, and by the 
skill displayed in their manufacture. But they had not occurred 
in sufficient numbers to allow of classification and comparative 
study, until the Smithsonian Institution, in 1875, received by be- 
quest the magnificent collection of Mr. George Latimer. This 
gentleman, having visited the West Indies in his youth, became 
so attached to the country, that, in 1828, he removed first to St. 
Thomas, and afterwards to Porto Rico, where he remained until 
nearly the time of his death, which occurred in Paris, Aug., 1874, 
from the efibcts of a surgical operation. During his residence he 
not only became a successful business man, but was honored by 
his country with the office of Consul-general of the Island, and 
was also, at the time of his death, consul for Holland and Austria. 
He had also been created by the King of Spain a <' Knight of the 
Order of Isabella." He has, unfortunately, left no written de- 
scriptions of the objects, nor of the places and circumstances of 
their discovery. Actuated, at first by mere curiosity, he became 
afterwards enamored of the pursuit until he amassed a collection, 
which, for all time, will be the standard of reference for the antiq- 
uities of Porto Rico. 

For the purpose of describing them more intelligibly, the objects 
are divided into pottery, celts, smoothing stones, discoidal and 
spheroidal stones, beads, cylinders, amulets, rude pillar stones, 
mammiform stones, masks, and collars. 

The pottery is red in color, well baked, and sometimes varnished. 
It is rather coarse in quality, the clay appearing to be mingled in 
many instances with a very rough-grained shell or other degrais- 
sant. There are no complete vessels, and only a few fragments 
which show the former shape of those from which they were 
broken. The great majority of pieces in the collection are 
handles of dishes and vases. These represent principally monkeys 
and vampire heads, adorned with droll headdresses, which are 
ornamented with scrolled, circular, and zigzag lines. They seem 
to have been made separately from the vessel, and to have been 
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luted on. There are some fragments of dishes with festoons 
evidently aflSxed in this manner. Similar pottery is found through- 
out the West Indies, in Central America, and in British Guiana. 

The celts, one hundred and thirty-five in number, are of the 
highest beauty, and the most of them so much alike and so differ- 
ent from those of other countries, that Mr. John Evans, recogniz- 
ing the type as purely Carib, hesitated to engrave a similar one 
from Scotland. It is figure 75 in "Ancient Stone Implements, 
etc., of Great Britain." 

In carrying out the general shape, some variety is given by the 
form and size of the raw material. They vary in color from black 
to nearly white, many of them being a beautiful jade-like green ; 
in cross section from circular to oblong-elliptical ; in length from 
1-75 to 12 inches ; in width from -75 to 6*5 inches. The chord of 
the edge is not always perpendicular to the axis. Some have 
semi-circular edges, others are nearly straight-edged. 

In addition to this large class of almond shaped celts a few are 
entirely unlike them, and resemble so much those found in other 
localities as to hint at exchange of the objects, or a borrowing of 
patterns. 

Of smoothing and sharpening stones there are a few in the col- 
lection. Four of them are pestle-shaped, smooth on the bottom, 
but the handle or upper part is more or less crooked or horn- 
shaped, and slewed to one side. 

The mealing implements embrace the upper and the nether 
stone. The upper stones are nearly all pestle-shaped, but the 
smooth, oily under surface indicates the rubbing of chocolate or 
soaked grain rather than the pulverizing of dry materials. Several 
of the pestles in Mr. Latimer's collection are ornamented around 
the top either with a ridge and furrow, a human face, or a bird's 
head. 

The lower stones are either dished mortars or metate stones. 
The dished mortars are bowl-shaped, boat-shaped, and semi-ovoid. 
In size they vary from the tiny paint mortar to those seventeen 
inches in length. 

The metates have three or four legs, they are either rude or very 
highly finished. The rude variety are of a very porous volcanic 
stone, rest on three legs set obliquely so as to resist the downward 
pressure, and most of them sag slightly in the middle and to one 
side. A highly finished metate, made of a fine grained sandstone, 
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is thin and very deeply sagged. In front three prominences rep- 
resent the head and fore-feet of a turtle. The other end is ab- 
ruptly elevated and crossed by a band carved with scrolled orna- 
ments. 

The spheroidal and discoidal stones are very similar to many in 
our museums from various localities. They may be natural forma- 
tions, and their presence with other relics intimates to us how 
nature has, in many ways, been the instructor of man. 

The beads are of the small and the massive varieties. They 
are exceedingly valuable as examples 'of the patience and skill of 
their makers in the art of perforating stone. A string of seventy 
chalcedony beads, about the size of peas, rounded and perforated 
(some of them in two directions) , is the most remarkable specimen 
of stone polishing and boring that has fallen under the writer's 
notice. The amulets or small images are, with the exception of a 
few animal forms, of one pattern. A human figure is kneeling 
down, the arms and legs are pinioned back, and the shoulder 
blades are pierced for suspension. The perforation is sometimes 
through the head, and an animal face replaces that of a human 
being. 

The rough pillar stones are mere slabs, without any definite 
shape, and the sculpture on them of the very rudest sort. I could 
discover little that was conventional about them excepting the 
fashion of carving a face on the stomach of the individual rudely 
represented by the whole stone. This singular fancy appears on 
one of the great pillar-stones sent from Nicaragua to the National 
Museum, by the Hon. E. G. Squier. 

The mammiform stones have excited my curiosity more than 
anything else in the collection. These strange and beautiful ob- 
jects generally represent a man lying on his stomach, his face more 
or less upturned, his mouth open, and his countenance wearing a 
tortured look. The other end of the stone represents the lower ex- 
tremities of the body doubled up so as to expose the soles of the feet 
against the rump. On the back of the prostrate form is a conoid 
prominence, beautifully rounded up, straight or slightly concave 
in front, a little convex in the rear, bulging somewhat to one side, 
descending more or less below the top of the head and the rump, 
so as to form furrows. The whole affair reminded the writer of 
the legend of Typhosus placed by Jove beneath Mt. Etna. The 
bottom, always rough from use or want of finish is sometimes flat, 
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sometimes convex, but most frequently warped up in the middle 
and hollowed out in a cyrabiform cavity. In such cases the ob- 
jects rest unsteadily upon the chin and knees, the under side of 
which are polished by wear. In the three characters of the head, 
the feet, and the mamma^ there is to be seen a grading of elabora- 
tion. 

The head of the rudest is a simple knob, then comes a human 
face without ornament, the most elaborate is ornamented with chev- 
ron ed bands. The human face is often replaced by grotesque ani- 
mal forms, either bird or mammal. The foot, like the head, has 
gradations of finish from the mere knob to the chevroned fillet, 
but in no case have I seen the human feet replaced by claws or 
hoofs. 

The mamma runs through a series of forms, from the simple 
cone to the ridged and carved. The material of these objects is 
more various than that of the celts even, and they range in length 
from 12*5 to 2*75 inches. There is one singular specimen among 
them meriting a more extended notice. The front of the mamma 
is a grotesque human face. The rear is carved to represent a frog, 
whose nose forms the apex of the stone, and whose back and hind 
legs drawn up fill the remaining surface. The fore-legs pass down 
the sides of the cheeks and under the lower jaw^ forming with the 
nose, a fillet around the human face. The Typhosan figure is 
wanting altogether. 

The masks vary greatly in form. A few resemble the mammi- 
form stones, but the mammals are replaced by a somewhat gro- 
tesque face, the Aztec nose forming the apex of the stone. 

Another variety are flat, kite-shaped, with the human face 
carved partly in relief, on the flat surface, and are from 5 to 7 
inches in length. 

The Collars in the Latimer collection are thirty-five in number. 
In this are included three specimens so rude that it is not certain 
that they were intended for collars at all. None of the character- 
istic markings of the collars are visible on them. The largest is 
23-35 inches external length; 8*4 inches, internal length; 17-7 
inches external width ; 7*3 inches internal width ; and 5-8 inches 
thick. 

Of those which are finished there are two classes, the massive- 
oval, and the slender, oblique-ovate, or pear-shaped. The latter 
are far more highly polished and ornamented than the former. In 
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both classes there is a grade of elaboration, although a great deal 
of conventionalism as yre shall see. The characters or marks 
which, by their peculiar /orms and by their preacwce or afisence give 
distinctness to the different BpecimenB are the shoulder, the ahoultier 
ridge, the boss, tlie right panel, the left panel, the panel ornament^ 
the marginal prominences, the panel border or scroll, and the ma.r~ 
ginal ridge or farrow. The shoulder is a prominence on the upper 
limb of the circumference, resembling a knot. This projection, 
always midway between the margins, is sometimes on the right 
Bide, sometimes on the left, which gives rise to two sub-classes, the 
right-shouldered, and the loft-sltouldered. In the rudest forms the 
shoulder is wanting, in some it resembles a knot of a tree, in 
others it has a more or less distinct head. 

The shoulder ridge is immediately below the shoulder and trans- 
Terae. It varies from a small swelling to an elaborate encircling 
band, with ridges running from it, along the anterior and posterior 
mai^ins quite around the specimen. The boss is a targe, abrupt 
swelling at the bottom of the collar, and always oblique to its 
plane. 

The panels are the expanded sf 
and always by their markings bear a 
One of them is always more elabort 
in some cases, only one side is o 
cases the more richly carved pam 
shoulder. The panel ornament by i 
tparked feature of these objects. 
chamfer, in others an oval depressit 
the shoulders, the artist has expende 
collars frequently have a gonrd-shap 
the middle of the side, and the bott< 
the boss. The interior of this s] 
lines. In the slender collars th( 
losing its identity, is transformed, : 
more varied and elaborate desigm 
are two gentle swellings one anti 
always accompany the panel on th 
border belongs to the ornamental 
we may be permitted to guess its fi 
mai^in of the panel and consists 
having a triglyph or sphere, or b 



margioal ridge or furrow is a wing-like bead that in the best 
specimens extends nearly or quite around the anterior and pos- 
terior margins. 

In the collection is one object which to the writer appears to be 
a broken collar pierced for secondary use. If it ia so, it is the 
only specimen which the writer has seen with the humsn face in 
the panels : if it is not, it is typical of an entirely new class. 

Aa to the place of most of these objects in our classification we 
need to have no doubt. The pottery, the celts, the smoothing 
stones, the discoidal and spheroidal stones, the beads, the amulets, 
the pillar stones, these are just as intelligible to us as similar objects 
from other localities. But the mammiform stones and the collars 
are anthropological enigmas, and having finished my description I 
may be permitted in closing to indulge in a few guesses. The 
rough and hollowed surface of the mammiform stones suggests 
the grinding of something, paint, incense, narcotic, spice or some 
other precious snbstance. But against this theory is the fact that 
some are concave, some are flat, and others are convex. The 
furrows at the base of the mammce seem to indicate the lashing to 
a handle for a war or a sacrificial club. The furrows are not worn 
by use, however, and in some there are no grooves. Their ele- 
gance of form and finish show that they were designed by their 
authors to be evidences of their skill, and as the statues of Greek 
and Koman gods are not now kept in temples of worship, but in 
galleries of art, we must relegate these beautiful objects to the 
(esthetic comer as souvenirs of the most artistic stone-age-peopl.e 
that ever lived. 

The yokes are quite as puzzling. The two classes, the massive 
and slender would seem to indicate two classes of use ; their right 
and left shouldering that they were to be used in pairs ; their grades 
of elaboration, that there was a subordination of some kind in- 
volved in their use. But whether they were the symbolic regalia 

ders, who 
can cities 
to detiide. 
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Peculiarities of the Femora frosi tumuli in Michioak. By 
Henrt Gillman, of Detroit, Michigan. 

In a paper entitled " Tlie Mound Buiiders and platycnemisra in 
Michigan," printed in the Smithsonian Report for 1873, brief men- 
tion is m'ade by me of a certain compression of the femora which 
I bad noticed as pertaining to the remaina of those Platycnemie 
men from the ancient mounds along the Detroit and Rouge Rivers. * 
For various reasons, at that time and snbsequently, I deferred 
entering more particularly on the subject, tjince, the accumula- 
tion of more abundant material, and the careful compai'ison of 
that which I had already possessed, enable me to speak more 
confidently and at greater length as to the points involved. 

The discovery of a single specimen of a perfect femur in a cave 
in Denbigiiehire, Wales, and evidently belonging to the Neolithic 
age, was tlie occasion of the first mention of the flattening of this 
bone. Prof. Busk called attention to the unusual compression pre- 
sented by the shaft of this femur in the antero-posterior direction 
in the upper part, for the extent of abont three inches below the 
trochanter minor. He state; 
process the shaft measure; 
femora the bone at the corres 
showing the cave femur to 
the upper part of the shaft. 
at that part a peculiar aspec 
internal angle, and one ratbt 
nsually rounded internal and 
that " the distal extremity a] 
as compared with a recent w 
giving the comparative mea 
" the lower part of the shaft 
chief peculiarity, as above 
shaft in the upper part." 

Though Prof. Buak makes 
the same locality, as he says 
liarity referred to, we can onl 

Of four femora from a tui 
characteristic to the extent 



BY HENRY GILLMAN. 301 

verse diameters of the shaft, about IJ inch below the trochanter 
minor, are '85 X 1*4 ;" a second "not quite so much compressed in 
the upper part, measuring '8X1*2." In the two remaining femora 
these diameters are " pretty nearly in the usual proportions." 

To properly appreciate the peculiarities of the mound femora 
from Michigan, I have thought it best to exhibit their dimensions 
in tabular form. The following table presents those taken from 
the Rouge River mound. [See Table A, page 302.] 

From this table it will be seen that not only have these femora, 
to a greater or less extent, the compression at the upper end of 
the shaft, at about 1 J inch below the trochanter minor, but they 
also present a similar peculiarity toward the distal end, or at a 
point 2 inches above the posterior border of the intercondyloid 
notch. 

Without an exception, these 21 femora, in all probabilit}'' rep- 
resenting 19 individuals, exhibit so distinctly the characteristic 
that it is immediately apparent on sight, and particularly by com- 
parison with the normal or ordinary white femur. From the lat- 
itudinal indices, which give the amount or degree of this flatten- 
ing, the range for the proximal end is from the maximum of "592 
to the minimum of '859, affording a mean of '718. Similar indices 
of the neolithic femora computed by me from Prof. Busk*s data, 
give a maximum of '607, a minimum of '800, and a mean of '673. 
It should, however, be remembered that in the case of those neo- 
lithic bones. Prof. Busk has selected four possessing the flatten- 
ing, rejecting a large number which did not present it ; while I 
have made no selection in the case of the Michigan femora, but 
give tlie dimensions of all the thigh bones which were preserved. 
The three ordinary (modern) femora referred to by Busk, have, I 
compute, a mean latitudinal index (proximal end) of '780. The 
latitudinal indices for tlie ulterior extremity in the Rouge River 
femora are, maximum '676, minimum '774, the mean being '726. 
But six bones enter into this last exhibit, representing probably 
five individuals, and those seemingly not possessing the extreme 
degree of the flattening. AVe have no means of making compar- 
ison in this respect with either "the 3 ordinary femora" or the 
neolithic bones. Prof. Busk makes no mention of this peculiarity 
other than implied by the incidental remark with respect to the 
single cave femur : "The lower part of the shaft is also somewhat 
expanded." So that it is to be presumed the difference from the 
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normal type was, even in this instance, too slight to be worthy of 
record, and in the other cases was not observable. But in this 
connection I would introduce for comparison the dimensions which 
I have taken at the corresponding part in the skeleton of a well- 
developed, perfect young man (white), who, though of short 
stature (^5',/3^'-2), presented in the femur the perimetral index of 
•200, somewhat in excess of the normal English. This specimen 
gives the latitudinal indices of the proximal and ulterior extrem- 
ities of the shaft as, respectively '929 and '968, thus closely ap- 
proaching the circular form. This is worthy of comparison with 
*'the 3 ordinary femora" of Busk. I append, in Table B, the full' 
dimensions of this young man's femora. 

TABLE B . 

DIMENSIONS, ETC., OF FEMORA OF A YOUNG MAN (wHITE). 
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In Table C [see page 304] I give the measurements of the 
femora from the Circular Mound, on the Detroit River, Michigan. 

The letters R and L, as in all the tables, denote whether the 
bone belongs to the right or left side. In view of the remarks 
already made, it is unnecessary to point out the different relations 
of the comparative dimensions here afforded, and which show the 
amount of the peculiarities referred to, at a glance. 

In this connection reference should be made to the Table giving 
the dimensions of the femora in my paper on *'The investigation 
of the Fort Wayne Mound, Michigan." The Circular Mound was 
situated but a few hundred feet to the S.W. of the latter tumulus. 
But the repetition of the table here is not necessary. 



im FEMORA FROU TUUnLI ; 

TABLE C . 

DIMENSIONS, ETC., OP FEMORA FROM 

RIVER, MICHIGAN 



In Table D are given the climensions of a pair of femora from 
CUambera Island Mound, Green Bay, Wisconsin, and which also 
exhibit the. peculiar flattening at both extremities. The individual 
they represent had, I have computed, a stature of about 5',^ 10". 
The bones are very carinate, and have the linea aspera strongly 
pronounced. 

TABLE D. 
ETC., OF FEMORA FROU CHAMBERS ISLAND MOUND, 
WISCONSIN. 
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Though this mound is outside of the boundaries of the State of 
Michigan, it still belongs to the region of the Great Lakes, and 
the bones are interesting as having been associated with platyc- 

nemic tibiae. 

I add a general table (Table E), in which, for convenience of 
comparison, the means of the dimensions of the femora from the 
different localities, etc., are shown. 



TABLE E. 

MEANS OF THE DIMENSIONS, ETC., OF FEMORA. 



Itocality, &c. 



Great Mound,Ronge River, 
Michigan 

Circular Monnd, Detroit 
River, Michigan 
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It will be seen that the indications are that the compression in 
the femora from the Michigan tumuli, excepting the Fort Wayne 
Mound, is accompanied, in general, by a reduction in the bulk of 
the bone. The mean perimetral index is inferior to that of the 
normal modern femur. 

The size of the head is also a point which is worthy of notice, 
the diameter of the head in the Michigan femora as compared with 
that dimension in modern bones being greatly inferior, or about as 
1'65 to 1'90. Though there are individual exceptions to this, they 
are too infrequent to change the general result, which is about as 
here given. That this cannot be accounted for by the relative short- 
ness of the stature (the height of the skeleton in the older burials 
js markedly inferior, as computed by me, ranging perhaps from 
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4',, 10'' to h'„ 5"), is apparent on comparison with the modern femur. 
For instance, in that of the white young man already mentioned, 
though he was only about 5 feet 3 inches in height, we find this 
diameter of the full size, or exactly l"-95. 

It cannot but be supposed that this feature is in some way con- 
nected with the flattening of the femur, and that both peculiarities 
are related to the platycnemism of the tibise, of which they are an 
accompaniment. In every case these compressed femora (includ- 
ing the Neolothic) are associated with platycnemic tibiae. They, 
doubtless, have their origin in a common cause, though in what 
direction we may look for this is not yet quite clear. As Herbert 
Spencer has so admirably said : " Localization of function is the 
law of all organization whatever, separateness of duty is univer- 
sally accompanied by separateness of structure." Prof. Busk's in- 
ference that platycnemism may be due to the greater freedom and 
increased prehensile facult}'^ of the foot is entitled to much consid- 
eration. It may be possible, however, that in the causes assigned 
for this and other variation of the osseous structure, the dietary 
of those primitive people has been too much overlooked. 

An apparently greater length and obliquity of the neck in those 
ancient femora, did not fail to receive my attention. But while to 
the eye the general form of this part may have the appearance of 
possessing the characteristics mentioned, on my subjecting it to 
measurement I could not detect their existence to any appreciable 
extent. I also confess to being slow to attach much importance 
to characters which, as is well known, are so given to varying, the 
neck assuming a different length and direction not only in the op- 
posite sexes, but at various ages, and under other dissimilar cir- 
cumstances. For instance, in the extremely aged it not seldom 
assumes a horizontal position. Yet I would not pronounce that 
this is not a point worthy of further investigation. 

The femora are, in general, I find, more or less decidedly cari- 
nate, with sharp and prominent linea aspera ; and a section taken 
at or toward the centre of the shaft would present a triangular 
form, the apex pointing backwards. A marked feature is the 
rather decided angle of the outer as well as the inner border at 
those points toward the extremities which I have denoted as pos- 
sessing the lateral expansion or fore-and-aft compression, and 
which in ordinary thigh bones have a rounded or almost circular 
form. In several of the bones the cortical substance is uncom- 
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monly thickened ; but as this is an inconstant feature I have not 
dilated upon it. 

These brief observations are offered as supplementary to my 
former contributions to the history of the mysterious mound-people, 
with the confidence that my remarks will be received with the in- 
creasing interest which the subject is yearly developing. 



Some Observations on the Orbfts op the Mound Crania. By 
Henry Gillman, of Detroit, Michigan. 

Op late an impression has existed that the orbits of the Mound 
Crania, unlike the orbits of other races, present at base a circular 
instead of a quadrilateral outline. This idea had, I believe, its 
origin in a statement to that effect made by the late Mr. J. H. 
Foster. His assertion was founded, I think, on two crania from a 
mound in Illinois ; but Mr. Foster gives no particulars, if I mistake 
not, and certainly no measurements to sustain the announcement 
of this very remarkable deviation from the ordinary type of orbit. 

As the skulls in question had been deposited in the Academy of 
Science, at Chicago, and were reduced to ashes in the celebrated 
conflagration whidi overwhelmed that city in 1871, we are without 
the means of reference to the source of information, Mr. Foster, 
to the great loss of Science, unfortunately dying before the publi- 
cation, in 1873, of his last and most valuable contribution to 
American Ethnology. 

It is with some hesitation that I approach the subject. But I 
feel compelled to state that repeated evidence from the mounds in 
Michigan and elsewhere has unequivocally failed to confirm the 
opinion that the orbits of the mound crania have the peculiai'ity 
ascribed to them. Nor on questioning others who have had oppor- 
tunity for ascertaining, have I been able to arrive at any other 
conclusion than that the orbits of, such crania did not differ per- 
ceptibly from the ordinary quadrilateral form. 

It may be assumed, in explanation, that the two skulls from 
Illinois are exceptional, and represent the true or typical cranium 
of the Mound Builder. I am quite aware of the veiy high claims 
which have been advanced for those skulls ; yet I cannot easily be 
convinced that we have not exhumed from our Michigan mounds 
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crania or as great or even greater antiquity, and as ftilly eustain- 
ing the title to being considered Mound Builder skulls. 

That crania are not unfieqiientiy met with having the angles of 
the orbital eircumference more or less rounded or partially oblit- 
erated, there is no doubt ; yet, I believe, there always remains the 
general quadrilateral aspect, perhaps somewhat interfered with 
by the deep, almost semicircular curve of the anterior border of 
the orbital plate of the malar bone ; and a resort to measurement 
will usually prove such orbits to be no nearer to affording the cir- 
cular base, than those in which the angular form is more pro- 
nounced; i'. e., the horizontal and perpendicular diameters gener- 
ally approximate as closely in the latter as in the former. 

It has been well remarked that "measures are the inQexible 
judges placed above all opinions supported only by imperfect ol>- 
servations." Though it might be supposed that this is not a sub- 
ject for mere measurement, but a case in which the eye is fully 
competent to decide, in this discussion I prefer presenting some 
of the dimensions of the orbits of mound crania, comparing them 
with those of modern skulls of various races. I only regret that 
I cannot present fuller tables. Many of the older skulls are too 
imperfect (some of them being mere fragments) to give the neces- 
sary dimensions, and, besides, at first, I contented myself with 
simply observing, in this investigation, as to w<hether the form of 
the orbit was quadrilateral. 

TABLE A. 



The skulls referred to in Table A are ancient and of the ortho- 
cephalic range, the cephalic indices being respectively ■741, -767, 
and -773 ; the circumferences are 19-77, 21-65, and 20-90, while the 
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position of the foramea ma^um, in each case, is well advanced, 
affording the respective indices of -514, *507, and *502. The alti- 
tndinal indices are inferior. 
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I have placed in a separate table the dimensions of the orbits 
fh>m the Chambers Island Mound, Wisconsin, as though they are 
those of mound skulls, but one of these (No. 2) falls within the 
orthocepbalic category, the others being brachy cephalic. 

In this connection reference may be made to Table IV, of my 
paper on the "Investigation of the Fort Wayne Mound, Michigan," 
as though so very imperfect, some of the relative proportions will 
be found to be of interest, and the skulls of which the orbital di- 
mensions are given are of the orthocepbalic index. [Page 323.] 
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In Table C the meosuremeDts of the orbits of two Indian sknlls 
(tre shown. The first of these sliiills is that of a Wyandotte In- 
dian, and was taken from land (Flat Rock, Michigan), wbich bad 
been occupied by the White raan for over sixty years. The second, 
trom Mackinac, Michigan, is supposed to date back about 100 
years. An iron hatchet and a lead pipe were found in the grave 
with it. Both are strictly bracbycephalic crania. 

TABLE D. 
., OF OBBITB, MODBSH WHtTEB. 



In Table D are shown the dimensions of the orbits of four mod- 
ern White individuals, two women and two men. In these the ex- 
cess of the mean altitudinat index as compared with the same 
index in the other tables is at once seen to be the leading charac- 
teristic. In other words the means of the horizontal and perpen- 
dicular diameters approach much nearer an equal length in these 
orbits than in the others. This result is palpably due to a marked 
inferiority in tlic length of the orbit of the Whites, and perhaps 
also to a slight general increase in its height. 

The minimum length pertaining to the Whites, the maximum 
length is reached by the Indian, the mound orbits holding an in- 
termediate position in this respect. In the comparison of the 
altitudinal indices, the Whites presenting the maximum, we find 
the mound orbits possessing the minimum, that index in the Indian 
being but slightly in advance of that of the mound orbits. 
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In point of size, as expressed by the perimetral index, the 
orbits of the Whites are greatly inferior to both the Indian and 
the mound orbits, if we except the Chambers Island group, which 
in this respect is slightly inferior to the Whites. 

The Indian orbits have the smallest interorbital space, the mound 
orbits largely exceeding the Whites in this dimension. In the 
interorbital index, which expresses the relation held by the distance 
between the inner angles to that between the outer angles of the 
orbits (malar diameter), the Indian occupies decidedly the lowest 
range, the orbits of the other crania approximating in this respect, 
the Whites slightly leading the mound orbits. This seems to in- 
dicate the greater angle at which the mound orbits are set. 

The size of the right as compared with that of the left orbit, 
contrary to what might be expected, is frequently inferior. This, 
however, with a single and trifling exception, is found to be con- 
fined to the Indian and mound orbits. Where there is a difference 
in the lengths of an individual's orbits, we often find the orbit in, 
which the deficiency occurs compensated by having a superior 
height. 

In truth, however, it is hardly fair generalizing to any great ex- 
tent from material so limited. Yet most of the points made would 
seem to be well taken ; and I have refrained from advancing others 
which in the course of the investigation have been suggested to 
me, till confirmed by the study of additional material. 



Investigation of the Burial Mound at Fort Wayne, on the 
Detroit River, Michigan. By Henry Gillman, of Detroit, 
Michigan. 

The mound, of which with its contents a description is here 
given, is situated on the north or Michigan bank of the Detroit 
River, a few hundred feet from the shore-line, and within the limits 
of Fort Wayne, occupying the southeast corner of the Parade 
Ground, and being immediately westward of the fort proper. 

Though the permission of the War Department to examine the 
mound had been obtained by the Detroit Scientific Association in 
the latter part of the Autumn of 1875, various circumstances 
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occurred to delay the investigation, which was not commenced 
until May 22, 1876. The work was conducted by the Association, 
several members specially interested participating, under the 
immediate direction of the writer, and, agreeably to the orders of 
the War Department, with the general supervision of the Post 
Commandant. 

The courteous and efficient manner with which the objects of 
the work were facilitated on the part of General Stanley deserves 
more than merely a passing notice. The valuable aid rendered, 
and the kind personal interest and attentions constantly bestowed, 
throughout, by this distinguished soldier and accomplished gentle- 
man, as well as by the several members of his command, place 
the Association under the most grateful obligations, and call for 
unqualified praise and thanks. Nor of the representatives of the 
Association whose assistance was of the most useful character, 
must I omit to mention the Messrs. Bela and C. B. Hubbard, and 
pespecially Mr. H. G. Hubbard, who was unremitting in his efforts. 

The Structure at the date of this examination could hardly be 
supposed to present its original features. Though its location 
afforded it a certain kind of protection, it also exposed it to some 
dangers from which a more secluded site would have exempted it. 
There can be but little question that at least in height the mound 
is much reduced. Its rounded summit is at present but five feet 
above the general level of the parade ground. Almost circular, 
its east and west diameter, nearly seventy feet in length, is slightly 
in excess of its north and south diameter. This includes an out- 
lying rim or border, ten to twelve feet in width and one foot above 
the general level, and wlilch, surrounding the mound, has appar- 
ently been formed by the many years' washing down of the sand 
of which it is composed. Previous to the year 1870 the process 
of erosion must have proceeded with considerable rapidity. In 
that year attention was called to the process, and with the object 
of causing its arrest, the entire mound was sodded over, a small 
oak-tree being planted near the centre. A few oaks of no great 
age (probably not over fifty years) are scattered in proximity to 
the limits of the mound ; but no tree grew on the structure with 
the exception of the single oak the planting of which we have 
mentioned. 

The investigation was commenced by running a drift or trench^ 
seven feet wide, east and west through the centre of the tumulus* 
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Within a foot or so of the surface small fragments of skulls 
and long bones with broken pottery were found, promiscuously 
mingled, being suggestive of a previous disturbance at this point 
of this place of sepulture. With these were exhumed the greater 
portions of a skull and pot, both in quite a fragmentary condition. 
The skull (No, 1 of series ; See Table I) is very thin, and does 
not seem to be that of an adult. It is significant that this is the 
only one of the cr.ania which comes within the brachycephalic 
range. 

Extending ft'om within a foot of the surface to the depth of 2^ 
feet, we found a belt of charcoal of over a foot in width, running 
northward and southward across the mound, a little to the west- 
ward of the centre. This appeared to be the remnants of the 
trunk of a burnt oak ; and with the exception of an isolated in- 
stance of a fireplace a short /iistance to the west of this, no other 
marked indication of fire having been used on the spot occurred, 
although there were occasional stains in the sand which may have 
been produced by the action of fire. A few pieces of charcoal 
were, however, not seldom found with each burial. Toward the 
centre of this belt of charcoal, at the depth of 2 feet, was exhumed 
skull No.^. This fragmentary, roof-shaped cranium falls within 
the dolichocephalic range, presenting the cephalic index of *725, 
and has prominent superciliary ridges and traces of an epactal 
bone. Beside it was found what may be called a chisel, made from 
apparently a species of grindstone. The implement is, I think, 
the only one of th^ kind which has been taken from the mounds 
in this vicinity, and is neatly made. It is nearly 5 inches in length, 
and is f of an inch wide at the centre, the thickness at the same 
point being nearly ^ an inch. It is formed by being ground square 
on the sides, and it gradually tapers to the extremities, one of 
which remains blunt and unfinished, while the other, though injured 
from use, had been brought to an effective, wedge-like blade. 

Further toward the centre of the mound, at the depth of 2^ 
feet, four crania with other bones were exhumed^ each individual 
being provided with a burial vase or pot, probably for food, and 
the remains being massed within a very small space. As far as 
could be seen, the bodies had been interred in a crouching posture. 
In' one instance this was quite apparent, the body lying on its side 
with the head to the east. A small stone axe or hatchet, slightly 
polished, the cutting edge broken from use, lay beside ; and the 
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accompanying burial vase is of a finer quality than usual, resem- 
bling the pottery from the mounds farther south (Ohio and Mis- 
souri). It is marked with an evenly indented cord pattern, the 
intersecting lines being laid on at wide and regular intervals, so 
as to form large diamond-shaped figures. With the other inter- 
ments of this group the only stone implements discovered were a 
carved knife, very rudely chipped from flint, and a so-called sinker 
made from a flat piece of shale, ground smooth on the sides, edges, 
and ends, and perforated at one extremity — the perforation having 
plainly been made by boring from opposite sides. 

At 2 feet below the surface, and at 3^ feet northward and 4 feet 
eastward of the centre were encountered the fragments of a skull 
(No. 3), much distorted from the pressure of the sand, with which 
burial had been deposited four well-wrought flint arrowheads and a 
lance head of the same material. The lance and arrowheads have 
the peculiar spiral twist, designed to give a rotary motion to the 
missile. In the latter is this peculiarity so finely developed, that 
on the front or pointed end being presented to view, the continuous 
curved line of the chipped edge (resembling a greatly elongated 
letter S, the arrow point at the centre) exhibits a perfect represen- 
tation of Hogarth's line of grace and beauty. 

At 11 feet east of the centre and 33 inches in depth, the cranium 
No. 5 and other bones were exhumed. This rather coarse roof- 
shaped skull slopes decidedly in the parietal region from the central 
longitudinal ridge, while the sides are vertical. It is the most 
perfect, and appears to be one of the largest, if. not the largest of 
the skulls exhumed here. The cephalic index is -773, the altitu- 
dinal index being inferior, or '719, thus placing it within the ortho- 
cephalic range. The position of the . foramen magnum is well 
advanced forward, in this respect sustaining the important distinc- 
tion to which on former occasions I have called attention. The 
index of the foramen is in this instance *502, and as the skull is well 
preserved, and free from any flattening or distortion, there can be 
no question as to the value of the evidence thus reiterated. The 
other dimensions, etc., are given in the annexed table. The body^ 
appeared to have been buried in a crouching but upright posture, 
subsequently falling slightly to one side, the head to the east. The 
pot placed with it also slanted in the same direction. It is of the 
ruder description of mound pottery, the ornamentation mostly 
consisting of indented lines inartistically produced by the indis- 
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criminate application of a cord. As usual in our mounds, the 
base is rounded or semi-conical, so that the vessel is incapable of 
standing upright without support. It is the only specimen of the 
ceramic art which we were able to secure in a tolerably perfect 
condition, but a small portion of the rim at the mouth being 
wanting. A thin crust of a blackish substance adhered to the 
sides and bottom, within. 

There now occurred an intermediate space, without a burial. 
Nothing but the pure fine sand of the structure was met with till 
we reached the depth of 3 feet 2 inches, when, at the exact centre 
of the mound, we uncovered a burial vase containing the remains 
of a human body mostly reduced to ashes. This proved to be one 
of the most decided isolated instances of cremation which has been 
met with in our mounds. Though it had crumbled to pieces this 
cinerary urn remained in position, upright, and holding in place 
the contents. It is of the common pottery of the mounds, and is 
ornamented with the ordinary cord pattern ; and as the base of 
the urn was not reached short of the depth of 4 feet, this vessel, 
which was about 8 inches in diameter, must have been' 10 inches 
in height. Incompletely consumed fragments of the leg bones 
indicated the incinerated subject to have been marked with platyc- 
nemism. Within the vase had been deposited a copper knife, of 
which only two small portions almost destroyed by oxidation, one 
of them being the point, remained. Like all other articles made 
of copper which have been recovered from our mounds, this knife 
had unquestionably been formed of the virgin metal from Lake 
Superior. If we may pronounce from the evidence afforded by 
this relic, the tool had simply been rudely hammered into shape. 
Two pieces of a Pyrula shell were also taken from the urn. The 
shell, the fragments of which were too far decayed to testify as to 
whether it had been worked or not, must originally have been 
brought from the sea-coast. 

Further excavation revealed no other interments beneath the 
depth here attained. The clear fine sand, of a pale yellowish hue, 
bleaching to a grayish white on exposure to the air and sunshine, 
continued to the depth of six feet, when a hard compact stratum 
of ferruginous-like sand, half a foot in thickness, was reached. It 
was evident that this had never been disturbed. We had, therefore, 
penetrated below the level of the interments, and, in fact, below 
the level of the surrounding land. The cut was, however, deepened 
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to 7i feet in order to satisfy all doubt on the subject. For the 
remaining depth, only coarse sand and gravel of the drift (pebbles 
intermixed) were met with. 

From what we have here described, together with what the 
remainder of the excavation revealed, it would appear that the 
single case of cremation — the ashes, etc., deposited in burial-urn 
at the exact centre of the mound, at a depth greater than that of 
any of the other inhumations — constitutes the first interment in 
this place of sepulture ; and that, therefore, in all probability, the 
remains are those of the individual in whose honor the mound was 
originally erected. 

The work was continued by opening, about 2j feet to the east- 
ward of the ^centre of the mound, a trench running south &om the 
first cut, thus giving the entire excavation a T-shape. 

At a foot below the surface, and but a short distance south of 
the first excavation, the remains of a pot and a skull with other 
bones, all in a fragmentary condition, were dug out. The skull. 
No. 6 of series, is evidently of less antiquity than the other crania 
from this place. The superciliary arches are not prominent. It 
is too imperfect to afford the usual dimensions. At six feet south 
of the centre, and two feet below the surface, two mingled burials, 
one on top of the other, also much decayed, occurred. There was 
no pottery nor stone implement found with these last relics. South 
of centre Hi feet, and IJ- foot from the surface, pieces of a skull, 
much decayed, with other bones beneath, were taken out. To the 
depth of 3 feet a few scattered fragments of human bones were 
encountered ; beneath which no further interments were met with, 
though the excavation was carried below the level of the base of 
the mound. 

A trench similar to the other cuts we have described was now 
opened northward from the north line of the east and west exca« 
vation at its intersection with the centre of the mound, — thus 
giving the entire of the work the form of an irregular cross. 
Within from one foot to two feet of the surface broken pottery 
and pieces of charcoal with a quantity of a reddisbrcolored sand, 
the color supposed to be the stain produced by the remains of some 
pigment, were uncovered. About seven feet northward of the 
centre of the mound, and at the depth of 20 inches we reached an 
interment in which the body had been placed in a miich-crouched 
semi-sitting posture. The leg bones were drawn over the arm 
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bones, and the skull (No. 7), which had fallen forward partly on 
its face, lay, base upward resting upon the feet. Most of the bones 
were badly decayed. These last were all on, or slightly to east- 
ward of, the east line of this cut. 

As no other relics were discovered on this side of the mound, 
work was resumed on the south side, by widening the cut to the 
westward, it having, in the first instance, been made somewhat to 
the eastward of the centre. This necessitated the removal of the 
oak-tree already referred to as having been planted on the mound, 
and which stood about 4 feet south of the centre. Beneath this 
tree, at 2^ feet from the surface, were found two arrowheads chipped 
from stone, of the rudest workmanship, and a little to the east of 
these, a few bones of a bird. Immediately beneath, at the depth 
of 3 feet, we reached a pot finely and very regularly marked with 
the cord pattern, giving to it quite a distinctive appearance. Like 
all the others, with the single exception we have noted, it was in 
a fractured condition. About one foot to the northward of this 
pot and 2 feet from the surface, portions of a coarser pot, some- 
what similarly marked, occurred. A few small pieces of human 
bones, much decayed, were found near by. The three skulls, Nos. 
8, 9 and 10, with fragments of other bones, and a broken pot of a 
different pattern, were next disinterred, at that part of the mound 
6 feet to west and 7 feet to south of the centre, being about 2 
feet below the surface. The only other relic found associated 
with them was the greater part of a thick Unio shell. All were 
within an area of 2 feet square. 

Further investigations of the mound afforded no results worthy 
of mention, and operations were brought to a close. • >.^ - 

In Table I, [page 318] are shown such of the dimensions, etc., 
of the crania as could be obtained. It is to be regretted that their 
deoAyed condition so greatly interfered with procuring these. I 
have only to add with regard to those skulls and a number of 
others which crumbled to pieces in their removal, that their 
general similarity of outline was so apparent, it was at once 
recognized by me ; and, also, that previous to making a single 
measurement, I pronounced them as not belonging to the broad or 
brachycephalic class, the only instance of the occurreijce of a 
skull of that type being the very thin fragment (No. 1) already 
alluded to as a BMMri||^l^k/^ |»robabiy not adult. All 
the others 4^bir4Hi|^HHHHihiMII>M4Wr4 or i& the 
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case of one (No. 2), as already statfed, even enter the limits of 
the dolichocephalic range. (This is according to the classification 
adopted by Dr. Thurnam and Prof. Huxley.) They are decidedly 
roof-shaped, with vertical sides ; the forehead is retreating, and 
generally the superciliary ridges are unusually prominent, while 
the length seems largely due to the protuberant occipital. The 
only skull from which it could be obtained. No. 5, gives the fora- 
men magnum a forward position, the index being '502. They are 
not of extraordinary thickness. 

Of the bones of the arm, but three were perfect, a humerus, an 
ulna and a radius. The two former belonged to the burial No. 5, 
the radius with Nos. 8, 9, and 10. The humerus, which was not 
perforated (but one, a fragment, presented this characteristic), 
afforded a length of 13*0 inches, the least circumference being 
2-73 inches. The same dimensions respectively of the ulna and 
radius are 11 '25 by 1*25, and 9*40 by 1*40. In this individual. 
No. 5, who, I compute must have had a stature of about 5 feet 
10^^ inches, or exactly 70*54 inches, rather excessive for the Mound 
Builders, the lengths of the femora are 19*4 and of the tibiae, 16-65 
inches. The relations of these bones are shown by the following 
indices: Humerus taken asuzl'OOO; Ulna =i 0-865; Radius = 
0-723. Femur taken as=: 1*000; Tibia=-858. This, excepting 
the radius, which is relatively short, is largely in excess of the 
Indians of the mounds (as given by Wj^man), and who, in their 
turn, exceed the Whites ; and thus, in this respect the individual 
from the Fort Wayne Mound more closely approaches the simian 
proportions. Wyman dwells on the importance of those measure- 
ments, referring to the valuable investigations of Gould, Lawrence, 
Broca and others, who have pointed out the greater length of the 
arm in the modern Indian and especially in the negro, as compared 
with the Whites. And here I consider it of importance to present 
also a comparison of the proportion which the arm or rather the 
sum of the lengths of the humerus and ulna bears to the stature, 
in the instances mentioned. These I have deduced to be as 
follows : 

INDIANS FROM THE MOUNDS : 

Stature taken as = I'OOO. 
Arm (or Humerus -f- Ulna) = 0*353. 
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WHITES : 

Statare taken as = 1*000. 
Arm (or Humerus + Ulna) = 0"348. 

BURIAL NO. 5, FORT WATNE MOUND, MICHIGAN: 

Stature taken as = 1 *000, 
Arm (or Humerus + Ulna) = 0-343. 

We here perceive the unexpected fact that while the arm of the 
Mound Indians as ccfmpared with their stature is in excess of that 
of the Whites, the latter slightly exceed in this respect the indi- 
vidual from the Fort Wayne Mound. This, in view of the former 
result, is worthy of consideration, though affording only the evi- 
dence in the case of a single individual. The only instance except 
that of No. 5 in which the bones were perfect enough to afford the 
stature, gave that quantity as 62*5 inches. This was deduced 
from Burial No. 8. 

In Table II [page 321] I present the results of the measure- 
ments of the Femora from this mound. Where so mentioned, the 
numbering corresponds with that of Table I, so that, generally, 
throughout the tables, the same number refers to the same individ- 
ual. The letters R and L denote respectively that the bone be- 
longs to either the right or the left side. 

In general the femora are decidedly carinate. In massiveness 
they slightly exceed the normal English standard, affording the 
mean perimetral index of '195. But their most marked peculiarity . 
is the singular antero-posterior compression toward both extrem- 
ities of the shaft, to which I have called attention in a former 
paper on the subject. While not developed to the extreme shown 
in the femora from the Detroit and Rouge River Mounds, it is 
still, it will be seen, too pronounced not to be considered of im- 
portance. As already shown, in normal White femora a section 
of the shaft at the points indicated would present a circular form, 
more or less irregular in outline ; in the examples from the Fort 
Wayne Mound the mean of the fore-and-aft diameters of the shafts 
1^ inch below the trochanter minor is '746 of the mean of the 
transverse diameters, that being the latitudinal index ; while simi- 
lar measurements taken at 2 inches above the posterior border of 
the intercondyloid notch afford a mean latitudinal index of •740. 

Ifhe dimensions, etc., of the associated tibisB are given in 
ML [Page 322.] 
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The platycnemism here shown is not of the most extreme form, 
its maximum development having the index of -590, its minimum 
•759, or the mean index being '676. The only perimetral index 
obtainable (No. 5) is somewhat in excess of the normal English 
standard, being *202. And here I am obliged, from the examina- 
tion of this as well as a quantity of other material, to state that 
the platycnemism of this region is not invariably of the " anterior" 
form, as I had been led to conclude ; but is frequently decidedly 
"posterior," while occasionally it partakes of a combination of 
both forms : i. e., the expansion is in both directions, a form of 
the characteristic which, for convenience, may be termed " inter- 
mediate," or "antero-posterior" platycnemism. In the "poste- 
rior" platycnemism the rear angle is frequently nearly as sharp as 
the angle in front. As in the Rouge River and Detroit River 
Mounds,' the extreme cases are accompanied, in general, by the 
thickening of the cortical substance of the bone fore-and-aft, as 
well as by the sabre-like curvature of the shaft. 

I here present another table which, however imperfect, is not 
without interest and value when compared with the results which 
I have obtained from other material. 

TABLE IV. 

DIMENSIONS, ETC., OP ORBITS, FORT WAYNE MOUND, BnCH. 
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1-64 


1-66 




1-36 


_3-92 


•77 




•808 




2*41 


•217 



* Omitted from means, as it would give false estimate. 
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In this table I have endeavored to show the dimensions and 
relations of such of the orbits of the crania' taken from the Fort 
Wayne Mound as the decayed condition of the bones permitted. 
There is nothing in these examples to establish the claim made 
for the mound skulls, that their orbits are not quadrilateral, but 
approach more nearly a circular form than do those of other races. 
In view, however, of the discussion by the writer in his paper on 
the orbits of the mound crania of more satisfactory materials, it 
is unnecessary to offer here any extended explanatory remarks in 
this -direction. 

In conclusion, I would dwell on the special interest pertaining 
to those relics, associated as they were in a single mound, and 
exhumed so that their relations are preserved. 

No indications are found here, such as are seen so abundantly 
present in the Rouge River tumulus, of this structure having been 
used as a dwelling-place or point of observation. It is clearly a 
sepulchral mound, and as such I have named and classed it. 

A further study and comparison of the relics may possibly 
disclose points of interest which I have overlooked ; but I have 
endeavored to make this discussion of the remains as exhaustive 
as their important nature demanded, and the very limited time at 
my command would permit. 

The age of the mound is undoubtedly not so great as that of 
the Rouge River mound. The most ancient interments in the latter 
have no representation in the Fort Wayne mound. I feel safe, 
from the evidences afforded, in placing the age of this mound, or 
the date of its earliest interment — the single instance of crema- 
tion — at or toward the close of the period indicated by those iso- 
lated cases of cremation which I have described as occurring in the 
Rouge River mound.^ 

The corroborative testimony is valuable. It affords us a stand- 
ard, not to be despised, for the establishing of a comparative 
chronology for, at least, our own region, about which other facts 
may group themselves, thus building up a system which at length 
may obtain an importance entitling it to a more general recogni- 
tion and application. 

The Rouge River mound presents unquestionable evidence that 

1 See paper, '* The Ancient Men of the Great Lakes," by Henry Gillman, read at the 
Detroit Meeting of Am. Assoc, for the Advancement of Science, Aug., 1875, pp. 327,328. 
829, of " Proceedings." 
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1^, There was a time when cremation was not practised here, 
as indicated by the chalky or lime-like concretions of the earliest 
interments. 

2®, That the custom slowly grew up, or was gradually introduced, 
till, at length, it apparently largely prevailed ; to be succeeded by, 

3^, Burial in the crouching posture, as practised by those 
platycnemic men, who were generally marked by small orthoceph- 
alic crania ; and which, in turn gave place to, 

4®, Those later interments which with their accompanying relics, 
stone implements and rude pottery, and the entire absence of the 
tools or metals used by the White man, indicate a period, be it of 
greater or less remoteness, at least antecedent to the advent of the 
European to these shores. 

To these divisions might be subjoined, 

5^, That denoted by the remains of the various nomadic Indian 
tribes — the red man as known to the early colonists, and when the 
sites of now populous cities were an unbroken wilderness. 

It scarcely remains necessary for me to add that I consider the 
Fort Wayne mound to represent the 2d, 3d, and 4th of the periods 
here mentioned. And, I would suggest, may not the scale here 
indicated prove to be already applicable in the case of a large 
number of the sepulchral monuments throughout our country, and 
thus become the entering wedge in reducing to order and system 
many of the apparently heterogeneous elements which so constantly 
thwart the American archaeologist? 



On some Fragments of Pottert from Vermont. By Geo. H. 
Perkins, of Burlington, Vermont. 

Among the various articles illustrating the Archaeology of Ver- 
mont which have been discovered in different parts of the state, 
pottery is comparatively rare, even in fragments, and of course 
entire jars are still more so. Indeed I cannot learn that more 
than half a dozen perfect specimens of earthen- ware, found within 
the limits of the state, are now in existence. More than this 
number have been found, but, through the carelessness or in- 
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difference of the possessors, many have been destroyed. French 
Canadians are numerous about the shores of Lake Champlain, and 
find many of the flints, etc., left by former occupants of that 
region, and they rarely care enough for such things to preserve 
them, though they seem very willing to vex the soul of the col- 
lector by describing choice articles which they have found and 
thrown away, or destroyed. For this reason, articles of Archaeo- 
logical interest are far less numerous than they should be. From 
what I have heard of jars given to children to play with, or throw 
stones at, or otherwise destroyed ; and from the number of frag- 
ments, which I have seen in some localities, I am led to believe 
that the ancient inhabitants of Vermont made and used no in- 
considerable quantity of earthen-ware jars and pots, and that some 
of these were elaborate in form and style of ornamentation. Pot- 
tery found in New England, does not ever, I believe, bear any of 
those imitations of the head of man or animals so common in pot- 
tery from the Mississippi valley ; this is certainly true of the Ver- 
mont pottery, for, no trace of any figure of a living object has 
ever been discovered on the earthen-ware found in that state. 
During the past few months numerous fragments of this earthen- 
ware have come into my possession, and though many of these are 
of rather small size, yet, as they bear markings of interest and 
sometimes indicate the form and size of the jar to which they 
originally belonged, I have thought it worth while to describe them 
with some^ hat of detail. It will always be a source of regret to 
Archaeologists that the primitive people of this country did not 
discover a stronger and more durable material of which to fashion 
their jars. I suppose the experience which I have had in Vermont 
is that of collectors elsewhere, viz. : finding what evidently was an 
entire jar when buried reduced, by the simple crumbling away of 
too loosely mixed material to a mere heap of fragments and sand. 
The material is always a mixture of clay with small angular frag- 
ments of quartz and feldspar sometimes plentifully mixed with 
scales of mica. The sharp angles and edges of these bits of stone 
show that large pieces were broken up for the purpose, rather tbw 
that fine gravel or small pebbles were used. In some pieces 
bits of stone are visible on the outer and inner surfaces, bat 
ally the jar was covered on both sides with a layer of fine 
In one case there was so large a proportion of mica pound-^ 
fine pieces mixed with the clay that the whole surface ' 
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tening appearance. This fragment showed no marks of fire and 
was of a light drab color, as are one or two other pieces, but most 
of the Vermont pottery is dark red or brown, or, in many cases, 
black. Fortunately the upper parts of the jars were made thicker 
and stronger than the lower spheroidal portion and it was upon 
these more enduring portions of their jars that the makers placed 
almost the whole of the ornamentation. These ancient potters 
seemed to prefer a flat surface to work upon when decorating their 
wares, for those most highly adorned bear the ornamentation upon 
flat, or flattish portions, and those that are globular, without any 
flattened upper part, bear no ornamentation except about the rim. 
Most of the jars found in Vermont are of comparatively small size. 
One specimen was found which held twenty quarts, but most are far 
smaller. In the ornamentation curved lines are rare, except those 
that are very short, small circular and crescentic figures occur more 
commonly, as also do triangular and rectangular figures, these latter, 
with straight lines arranged in parallel groups, being most common 
of all. In thickness the earthen-ware that I have examined varies 
from 12 or 13°^"» (-5 in.) to less than 5"^°^ (-2 in.). The so-called 
"Indian relics" are found much more abundantly over the north- 
western portion of Vermont than elsewhere in the state. ' The 
large islands and peninsulas in the northern part of Lake Cham- 
plain and the main shore from Alburg to Charlotte and twenty 
miles inland were most thickly populated, or frequently visited, at 
least it is through this part of Vermont that the greater number 
and variety of specimens have been found. The pottery to be 
presently described is mostly from Essex or not far from that 
town. 

For convenience the pieces will be designated by number.^ Be- 
ginning with the simplest form of ornament we have two pieces 
(Numbers 1 and 2) which probably came from the same jar, though 
this is not certain. Nun^ber 1 is a part of the rim. It is covered 
with rectangular figures deeply stamped in rows which reached 
around the jar, probably. Those of the upper row are high and 
narrow, and as one corner of the implement used in making them 
was much more strongly pressed into the clay than the rest, this 
corner, always the lower right hand one, and the adjacent sides are 
clearly defined, while the opposite is often not marked at all and 

I ^ Drawings of the several pieces described accompanied the paper, but the expense 

of reproduction prevents their being published in the present volume.— Editob. 
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never otherwise than faintly, so that at a little distance the ap« 
pearanoe of the figures is that of right angled triangles. Below 
this row is a second of smaller and similar figures but of different 
proportions, for while the figures of the first row, varying some- 
what in size, are about 5*5"^ (-2 in.) high and 4™" (-15 in.) 
wide, that is are higher than broad, the figures of the second row 
are about 3™" each way. The other piece (No. 2) is covered with 
the same figures, except that these are wider than high being 
6-5"*" (-25 in.) high and 4™ (-15 in.) wide. All of these figures 
are in horizontal rows, each row being separated from that below 
it by a short dpace and (by a less space) each figure is sepa- 
rated from those on each side. The figures are so deeply stamped 
and so near together as to give a decidedly neat appearance to the 
surface. The matei'ial is very dark, thick and coarse, though strong. 
Number 3, is of similar material and is covered with small, deeply 
Btemped squares arranged ver^ regularly in horizontal row;, wh^J 
are 3 or 4™^ distant from each other^the squares themselves being 
of somewhat different sizes but on the average not far from 2 '8"" 
{'1 in.) high and broad. They are as near together as possible 
without interfering with each other. 

Another piece (No. 4) bears similar rows of small figures ; but, 
in this case, they are not rectangular but semicircular, or crescent- 
shaped, the lower edge being in all cases strongly curved, the upper 
sometimes straight but more often a little concave. The lower side 
is more deeply impressed. The figures are of two sizes and the 
larger are arranged in horizontal rows, while the smaller are in 
vertical rows. The larger figures are about 3"" high and 3-9°*" 
wide ('12 in.X'l^ in*) while the smaller are half- as large, pr less 
in some cases. In Lubbock's ^'Prehistoric Times," page 162, fig. 
151, is figured a piece of pottery from a tumulus in West Kennet 
which bears markings more nearly resembling those just described 
than any others I have seen. 

Several fragments of the rim of a very finely formed, light 
colored jar (No. 5) bear markings of a still different form. The 
upper edge of the rim of this jar is very sti*ongly recurved so as 
to project over the outer surface below. The whole surface is 
very smooth, and as the materials used in constructing the jar 
were very finely pulverized and well mixed, it is more compact 
than usual. There is no ornament on the inside except two 
narrow lines of short, confluent, curved marks just above the top. 
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The edge of the rim is covered with a closely set row of transverse 
grooves, or notches, which are narrow and bear a rounded depres- 
sion, as of a small blunt point, on each end, and as these nearly 
or quite meet, the inside of each groove has somewhat of the form 
of a figure 8. Below the projecting upper edge are two rows of 
small closely set, irregularly crescent-shaped figures only slightly 
stamped into the clay and below these are rows of larger bi*oadly 
crescent-shaped, or sometimes rounded triangular, figures more 
clearly marked. These figures are of quite unequal size, and more 
care seems to have been taken in forming the jar than in adorning 
it. The diameter of the top of the Jar was not far from 102"^ 
(41n.). 

A small piece (No. 6), which probably shows only a portion of 
the design placed upon the whole Jar, bears simply three rows of 
small but deeply sunken circular depressions about 1™°^ in diameter. 
They were apparently made by pressing a blunt point into the soft 
clay. A part of a straight necked Jar, of dark, hard material 
(No. 7), is covered with transverse rows of somewhat irregular 
figures not very deeply sunken. The inside bears around the top 
two rows of long, narrow figures below which the smooth surface 
bears regular raised lines, as if smoothed with an edge that was 
slightly notched. From the regularity of tliese lines and the 
equal distances between them it would appear that they were 
purposely made. They are 2 or 8"*" distant from each other and 
about two-thirds of a millimeter wide. The upper edge of the rim 
bears two rows of small squarish figures and a similar row runs 
about the upper part of the outer surface. A little below this is 
a continuous series of similar, but larger, figures and below this 
two more, each row being about 4"°" from that above. In all 
cases one side of the figure is more deeply stamped than the rest 
and in our Vermont pottery it is almost always the case that, when 
the ornamentation consists of figures rather than lines, one side 
is much more deeply stamped than the rest, the surface of the 
figure sloping from this up to the general surface of the jar. It 
is without a single exception, so far as I have seen, the same side 
on any given piece of earthen-ware that is thus most distinct, and 
in those that I have examined the left side is much more often the 
deepest, though sometimes it is the right side. Below the rows 
of rectangular figures, which are 1 or 2*""* across, are four rows 
of long narrow figures with the upper part of a fifth row. These 
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are by no means equal in size, though the variation is not large. 
They are 4™°* long ('15 in.) and about one-fourth as wide. The 
edges are slightly scalloped and they are stamped very closely. 
The figures are somewhat oblique in their arrangement. 

A large piece of the rim of another jar of very similar form 
bears quite a different style of ornament. This piece (No. 8) 
bears four sorts of figures. The inside is smooth, but around the 
upper margin are vertical rows of broadly crescent-shaped figures, 
four figures in a row, the whole forming a broad band made up of 
the rows placed side by side. The upper edge of the rim is quite 
strongly bevelled downwards, and is covered with small depressions 
made by a small, sharp point. These little figures are so arranged 
as to appear in transverse rows when the piece is held in one posi- 
tion, and in four rows running around the rim when held in a dif- 
ferent position. The outer edge of the rim projects a little over 
the surface of the outside forming a sort of lip. Below this the 
surface is somewhat concave for a short distance, and below this 
it enlarges and, perhaps, becomes spheroidal. Around the upper 
part just below the lip are several rows of small crescentic figures 
placed so near each other that they together form one compound 
band of considerable width. Below this are two rows of irregu- 
larly oval depressions broadest below and narrowed above. These 
figures are about 3""™ (11 in.) wide and somewhat more in height. 
From certain of the figures oblique lines or grooves extend down- 
ward to meet a similar set of depressions some distance below 
where there are three rows of them. The connecting grooves are 
very regular and straight and appear to have been grouped in 
threes, each group being inclined in the opposite direction to that 
of the adjacent group, the alternate groups being parallel, thus 
forming a series of V-shaped figures around the jar, which are about 
23°^ wide at the top. 

One large piece (No. 9), from its form apparently a part of the 
middle of a rather large jar, is profusely covered with figures of 
several sorts. None are deeply stamped and some are quite indis- 
tinct. They are all in horizontal lines of more or less regularity, 
though there is less care and skill shown than in most of the other 
pieces described. Beginning with what was probably the upper 
side we have a row of chevron lines, and 6*5™°* below are three 
rows of long, narrow grooves some nearly straight, others slightly 
curved. These series of figures are separated by slightly elevated 
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lines. About 7°"" lower down is another series or band of atill 
narrower vertical grooves 5 or 6""" long. Below this are nine or 
ten not very regular rows of figures of somewhat various form. 
Some are quite peculiar, being zigzag in outline and resembling the 
impression which a small, crooked key would make upon any plastic 
substance. This figure seems to have been fVequently used, for, I 
have seen it on quite a number of difierent pieces of earthen-ware, 
fiftuiy of the figures on the part of which we are speaking are more 
or less oblong, with each end curved, some are very much like a 
section mark (§). These last figures are, as has been said, arranged 
in rows, but the rows are irregular and very near together so that 
the surface of the clay seems to have been covered with figures 
without much attempt at orderly arrangement. On one piece of a 
rim the decoration consists of horizontal grooves which look as if 
first made with a blunt point, or something of the sort, and then 
scalloped by using the side of the same point and pressing it along 
the grooves, making a continuous series of rounded impressions. 
This piece (No. 10) is from a rather large jar and is thick, heavy and 
well burned. The upper edge .is covered with transverse grooves 
which are scalloped like those below. This edge is bevelled out- 
wards. On the inside of the rim is a series of lines drawn obliquely 
and parallel reaching downwards 17""". The lower part of the 
piece is unornamented and contracted to form a broad groove for 
a neck, below this it, in all probability, became spheroidal, for I 
have never seen a jar from this region which did not have this 
form of base. 

Another piece (No. 11) is ornamented with similar scalloped 
lines, but they are vertical, not horizontal. They are not parallel 
in all cases, though some are so, but the most interesting feature 
of this specimen is the gradation from straight to curved lines 
which it affords. Some of the lines are straight and almost ver- 
ticali others straight but oblique, otliers are oblique in one direction 
for a short distance and then change their direction making a chev- 
ron, V 
are al 
curvei 
very i 
descri 
of thi 
side 
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this piece is a row of deeply stamped oblong figures 5-10™° distant 
fVom each other and about 6*"° long. From the top of each of 
these figures a pair of divergent carved lines extends to the upper 
edge of the piece. Some of these lines are straight, but most of 
them are curved. The lines are not continaous ; but made np of 
dashes, or impressions, such as would l>e made by a short square 
point shaped like tlie end of a small nail. 

A very handsomely marked specimen (No. 18) of dark, compact 
earthen-ware bears only oblique parallel grooves deeply mariied. 
It is B part of the upper portion of a jar. The top curves outward 
to form a lip, below which the surface is concave for a short dis- 
tance, below this it becomes convex. The upper edge, or rim, is 
marked with deep tranBverae grooves. The outer surface is wholly 
covered with oblique grooves S-S*™ distant from each other. The 
grooves over the upper part of this piece are all in the same direc- 
tion ; but below are others running in an opposite direction. 

There remain to be described portions of the upper part of three 
Jars, all of which seem to have been of similar shape. An almost 
perfect jar of this form is figured and described in the "American 
Naturalist," Vol. 5, p. 14, fig. 1. This figure is reproduced below. 
As the form is more artistic than usual and quite peculiar, it may 
be worth while to speak of it in this connection. 



The upper part of these Jare is quadrangular, with the upper 
edge curving downward from comer to corner slightly. From the 
edge the sides slope inwards until they are suddenly and strongly 
contracted into a circular groove of some 30 or 40™" (or an inch 
or more) in width. Below this the jar is again quadrangular, and 
the sides elope outwards, and, of course, downwards, for a short 
distance, and then the lower portion becomes regularly curved and 
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spheroidal. This lower part occupies aboat a third of the whole 
jar and the quadrilateral space above another third, the remaining 
third being occupied by the groove and upper quadrilateral part. 

The ornamentation of all these jars is elaborate and artistic, con- 
sisting chiefly of oblique, straight lines, variously grouped and 
differing in each case. In one case (No. 14) the surface of the 
upper part is ornamented with parallel grooves crossing each other 
in two sets so as to form a series of diamond shaped figures 1 1™™ 
high (-4 in.) and 7'5"™ wide ('3 in.). The upper edge is crossed 
by deep, oblique grooves about 4"" distant from each other. About 
the contracted portion or neck is a row of long figures, above 
widest, and rounded and tapering to. a long point below. They 
are very deep, and below them is evidence of a second similar 
row. All below this is wanting. The appearance of this speci- 
men, from the evenness and regularity of the lines and their depth 
and distinctness is very neat and elegant. Another piece of a jar 
that was, most probably, of the same general form, bears oblique 
lines like those just described, but they are much nearer together, 
the space between any two grooves being not much wider than the 
grooves themselves, and the different sets do not cross. The 
grooves are all straight and regular, but are less deep and wide 
than in the preceding case. The ornament on this consists of 
series of oblique lines, which extend across the specimen, and are 
separated from the next by three lines, running in the contrary 
direction to the lines which make up each series. Each of these 
grooves is about 1°^ ('04 in.) wide. The lower edge of the orna- 
mented portion bears a row of deep rounded triangular depressions 
about 5*5™°* wide and about two-thirds as high, and below this is 
the contracted portion or neck. 

Two jars were made upon very nearly the same pattern, one of 
these is that figured on the preceding page and already referred to, 
the other is known only from fragments, but enough remains to 
show that it was essentially identical in form and ornament with 
it. It is a little more complex in the style of its markings. The 
inside is smooth, except a row of notches around the upper margin, 
which seems to have projected inwards to a slight extent. Across 
the rim are numerous transverse grooves of somewhat different 
width and depth, but none very deep. This edge is bevelled slightly 
inwards, and from corner to corner of the jar it is concave. On the 
outside of the jar beginning with the top we have first a band of 
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abort, upright grooves or long notches about 5"" ('18 in.) long- and 
j^mm ^ide. Directly below these are three somewhat irregular 
bands, distinct, though not deep, made by a square end, as they are 
precisely such as might be made by drawing a small nail over moist 
clay. These grooves are 2™" wide, the three with the intervening 
spaces forming a band 7'5"" ( '3 in.) in width. Below this is a 
space 3*" or more in width covered with oblique lines variously- 
arranged. Above this, that part covered with the lines described 
is vertical, but this, which bears the oblique lines, is inclined out- 
wards from above down and this is due chiefly to the increasing 
thickness of the material, it being thickest just above the con- 
tracted portion. Along each side of the space covered by oblique 
lines, that is along each edge of the quadrilateral upper part of 
the jar, is a vertical series of circular depressions, the margin of 
which is more deeply sunk than the rest forming an annular figure. 

These figures are 6'4"" ('25) in diameter, and there are four in 
each series. The arrangement of the oblique lines which fill, the 
space between two rows of the circular figures is as follows : 
beginning with the left side, the upper corner is filled with a series 
of twelve lines inclined about forty-five degrees to the horizontal, 
from left to right, and about l-5"°* apart. Crossing these and so 
bringing them to an end, are three lines about equally oblique but 
inclined from right to left, regarding the top as the starting point, 
then comes a band of short, broad parallel grooves, which are 
drawn in about the same direction as the first named series of 
lines, the whole series being inclined in the opposite direction. 
Then come two lines running in the same way, so that we have as 
the whole series, three lines, a band of parallel transverse lines 
about 4°'°' wide, then two more lines, the whole crossing and in- 
terrupting a series of lines running in the opposite direction. 

From the point where the last described series meets the hori- 
zontal lines around the top of the jar there extends a similar se- 
ries of transverse, parallel bands to the lower edge, diverging 
from the other lines and forming an inverted V (viz. j^) with it. 
The space between these two series is filled with a series of ob- 
lique lines running from left to right, each line of course from the 
nature of the case being shorter than the one on the right. Divi- 
ding these lines about equally intb two groups is a band of .the 
same sort of transverse grooves which in this case become little 
more than long notches. The remaining portion of the specimen. 



BT GEO. H. PERKINS. 335 

that to the right of the lines mentioned, is filled with similar lines 
inclined from right to left, divided into two groups by a series of 
transverse short grooves. Around the lower, bevelled edge of this 
part of the jar is a series of vertical notches of considerable size 
and below this is the unornamented neck. 

In attempting to describe these specimens of pottery I have 
realized very fully the difficulty of so picturing in words the char- 
acteristics of each as to bring them clearly before the minds of 
those reading the descriptions, and it is with no little misgiving 
that they have been undertaken. It has seemed to me, however, 
that there was sufficient interest connected with such specimens as 
those here mentioned, to warrant some notice of them even though 
it should be imperfect. I have spoken only of earthen- ware ; a word 
in regard to stone pots may not be out of place. 

So far as I can ascertain, pots of steatite, or any other stone, are 
very rarely found in Vermont, still they are not wholly wanting. 
On only one of those of which I have any knowledge is there any- 
thing that appears like ornament. This is a fragment of a steatite 
jar which seems to have been of conical or ovoid form, the apex 
being the base of the jar. It was found in Milton, Vermont. Only 
one side and the base remain. Along this side, extending from near 
the base upwards is a series of long, narrow rectangular figures in 
pairs, like a series of broad dashes, ZZI ZZ ZZ . The groove between 
them is not so deep as the rest of the surface and suggests the idea 
that first a rectangle was cut and then divided longitudinally. 
The figures are quite regularly cut and are raised above the general 
surface about 2 '5"™ ('08 in.) The sides are not straight but bev- 
elled from the top to the base so thiat the latter is broadest. There 
are three pairs of them on the fragment with one end of a fourth 
pair. They are not of exactly the same size but do not greatly 
differ. An average measurement would be, length 10°"™ ('4 in.) 
and width 3""° ('12 in.) for each figure of the pair. The general 
surface of the stone is smooth and well finished. The specimen is 
quite thick varying from 16-5™™ below to 12-7"*™ above. It is prob- 
able that there were several, perhaps four, rows of these figures 
coming from the base upward but there is nothing to show whether 
this was the case or not. Another steatite dish has been found in 
New York near the Lake Shore which is of a square-oval outline, 
very shallow, flat below and furnished with a sort of handle at 
each end, and this specimen is probably of the same age as the one 
just described. 
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The Mood . of the Verb in Conditional Clauses. By I. B. 
Choate, of Akron, Ohio. 

The principle which forms the basis of the distinction between 
the indicative mood and the subjunctive, as they are employed in 
all cultivated languages, is the least clearly apprehended, if indeed 
it be correctly apprehended, as yet, by any who hava treated this 
perplexing subject. First, we have had the usage of the ancients 
given as a purely arbitrary matter ; especially among the Greeks. 
Then we have had the most ingenious theories devised by those 
who have made the ancient classics subservient chiefly to the end 
of grammatical criticism rather than models of composition, not 
only among the Germans but among English and American scholars. 
No explanation yet offered of the conditional sentences in Greek 
and Latin is satisfactory to me, because it requires, on the part of 
those who used those languages for the every-day purposes of 
conversation, a quicker apprehension and stronger powers of meta- 
physical analysis than it seems possible that any people, as a whole, 
ever possessed, although I credit the Greeks in particular with 
great acuteness of intellect which they owed largely to the exac- 
tions of their strictly logical language. I cannot believe that the 
Greek writer or speaker of average ability, following the rules 
and explanations given in our modern grammars for the construc- 
tion of conditional sentences in his own language, could form such 
sentences readily even if he could understand what the rules mean, 
which I greatly doubt. Recognizing as I do the ability with which 
this matter has been treated, I should hesitate still more to offer 
any new theory upon it, and that theory so widely at variance 
with any before proposed, were it not for the warrant given myself 
and given all students by the Journal of Philology. In that pub- 
lication for 1874, page 186, Prof. Goodwin, in an article on "the 
Classification of Conditional Sentences in Greek Syntax," says : 
^' Until the generation has passed away which can remember 
Porson's controversy with Hermann about the common rules of 
iambic verse, surely no one can be charged with impertinence for 
suggesting doubts as to the correctness of any generally received 
principle in Greek or Latiii grammar." 

Thus shielded from the charge of impertinence, my interest in 
the questions to be considered gives me boldness to expose my- 
self to the charge of folly should the theory I offer prove utterly 
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groundless, or haviDg grounds should nevertheless prove worthless. 
After quoting many examples from English writers to show that 
in translations from the Greek, as well as in original composition, 
no distinction is observed between the indicative and the subjunc- 
tive so far as form is concerned, Prof. Goodwin closes his able ar- 
ticle with this paragraph : "These instances are quoted here not 
by way of criticism, but partly to show the utter want of any prin- 
ciple in modern English on the subject, and partly to incite some 
one who can speak with authority on English syntax to investigate 
the question historically, and show us, if possible, what is the cor- 
rect usage according to the traditions of the language. If it is 
true (or if it be true), as I fear it is, that no one can define the 
correct usage of the present day, even so far as to tell us what is 
the distinction recognized by our best writers between if it be and 
if it IS, or if no two opinions on this question would agree, such 
uncertainty and such laxity of usage are surely no credit to our 
scholarship or to our language." In another place he has said : 
"The question which goes to the root of the whole discussion of 
conditional sentences is one which every schoolboy is taught to 
answer at a very early stage in his classical studies — what is the 
essential force of the Greek subjunctive in protasis as opposed 
to the simple indicative, e. g. of idv Tzpdaffy^ touto as opposed to 
el npdffffet^TouTof Now this distinction is the same in Latin as in 
Greek — the conjunction si of the former being the same word as 
el of the latter. I therefore propose to consider this question with 
reference to the usage of the Latin. This matter cannot be inves- 
tigated historically in either the Greek or the Latin language, 
because in them the conjunctions which determine the mood of 
the verb are prehistoric remains. We cannot be positive whether 
el of the Greek be from ehat to be, or from idw to permit, or from 
some other source ; and the same difficulty attends the deriva- 
tion of the Latin si. We must, therefore, seek the clue to this 
distinction in some language like our own English in which the 
present is not so far removed from the original form that we can- 
not trace its history. 

And, first, as our language is not an inflected one we show rela- 
tions as far as posfeiible by separate words and not by variation of 
form. It is, therefore, only by comparison with the Latin that we 
are able to distinguish between the indicative and subjunctive. 
When, however, we make the distinction, we find that it depends 
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upon whether the condition present itself to the mind of the 
speaker objectively, or whether it rise in his own mind and so be 
viewed subjectively. In the former instance, the mood of the conr 
dition will be indicative, in the latter, subjunctive. Now to deter- 
mine this point we must have reference to the conjunction, which 
in nine cases out of ten is the woFd if. Upon this word Sir John 
Stoddart remarks that '' it is not only the imperative of the verb 
to give^ which has been used with a conjunctional force, but also 
the past participle given of the same verb." If it be at any time 
the past participle given there is nevertheless an imperative implied ; 
as, for instance, in the statement of the problem : Given two sides 
and the included angle, etc., it is intended. Let there be given, etc. 
We may, then*, consider it as always the imperative of the verb 
give. As such it must have a subject. That subject may be of the 
first or of the second person. How rarely do we find it expressed 
with the imperative in any language! According as we under- 
stand for the subject the speaker or the persons addressed we put 
the condition in the subjunctive or in the indicative mood. When 
the speaker intends " Let ine give, grant, suppose," or " Let us 
give, grant, suppose, that a thing he so and so," he employs the 
subjunctive ; for the condition expresses an idea arising in his own 
mind, not treated by him as a matter of knowledge or belief, but 
contingent, and assumed that he may base some statement upon 
it. On the other hand, if he intends " Give, grant or suppose yoxt 
or ye that a thing iu so and so," then he employs the indicative 
mood, for to his mind the condition is, in the expression of it, 
presented objectively. This is the one principle to which, it seems 
to me, can be referred the mood of every conditional sentence. 

That the conjunction si of the Latin is similar in its origin and 
nature to our if in the sense of grant or granted appears from the 
use of the same word se or ^ in Italian, Spanish and French as a 
cenjunction and as an adverb of affirmation, as if and as yes. In 
Spanish, for instance, we say Si V. gusta; If you please; st, 
senor; yesy sir. The former expression can be rendered. Granted, 
i, e., Let it be granted that you please; the latter. Granted, sir. 

To test the theory let us apply it to a few familiar examples in 
Latin. Horace addressing the Muse, L. IV, Carm. Ill, V, 24, says 
^^Quod spiro et plaJceo, si placeo, tuum est,*' in which it will be no- 
ticed that the condition is expressed in the indicative, not that he 
assumes as a fact that he does please ; but, disclaiming the 
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assumption, he leaves it to the judgment of the Muse and says 
Grant you that I please^ it is thy gift. Again, Sat. L. II, VI, 39, 
he uses the expression " Si vis^ potes" where it appears that the 
condition means "Grant you that you are willing," and then, 
upon that condition, the speaker adds the assurance "you are 
able." And, also, L. 11, Epistola II, 155-159, 

" At si divitise prudentem reddere possent, 
Si capidam timidumque minus te ; mempe raberes, 
Yiveret in terris te si quis avarior uno. 
Si proprium est, qaod quis libra mercatur et aere, 
Quffidam, si credis consultis, mancipat usos ;" 

where we have the subjunctive and indicative brought together in 
successive sentences. Were the condition in the last line taken in 
the sense, " Let us suppose that you put confidence in lawyers," 
it would have its verb in the subjunctive and be useless in the 
sentence ; but it takes the indicative in the sense " Grant you, etc." 
This view of the particle si will render more striking the figure 
employed by Tacitus, Agr : XL VI, " Si quis, etc.," where he em- 
ploys the indicative mood in the condition. But I need not multi- 
ply examples. They will be found abundant on the pages of the 
ancient writers. I have tried clearly to present this theory, hoping 
that, somehow, my efforts may contribute to the advancement of 
science. 
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EXECUTIVE PROCEEDINGS 

OF 

THE BUFFALO MEETING- 



HISTORY OF THE MEETING. 

The Twenty-fifth Meeting of the Association was held in the City 
of Buffalo, N. Y., beginning on Wednesday, August 23, 1876, and closing 
on the afternoon of the following Wednesday. 

Several peculiar circumstances united in making the meeting one of 
unusual interest, and among them may be mentioned the fact that Presi- 
dent Rogers, who presided at this twenty-fifth meeting, also presided at 
the organization of the Association in Philadelphia, on September 20, 
1848.^ The Centennial Exhibition at Philadelphia was also the means of 
securing the attendance of numerous foreign savants who were in America 
as commissioners from various countries, and were most cordially wel- 
comed to the Association both by its officers and the citis^ns of Buffalo. 

To the Local Committee much credit is due for the arrangements made 
for the meeting, and, from the cordial support which they received from 
the citizens, it was evident from the first that the second meeting in Buf- 
falo would greatly augment the kind feeling that had existed from the 
former meeting, which was the first reunion after the war. 

The attendance of members and citizens at the general and sectional 
sessions was larger than at several preceding meetings. 

Two hundred and fifteen names of members and foreign guests were 
entered on the register, while three hundred tickets were given out for 
the meeting. 

Of the thirty-four members of the Standing Committee, twenty-foujr 
were present, including eight past presidents of the Association. 

One hundred and forty-six members were elected ; of these one hun- 
dred and seventeen have accepted, four have declined, one was already a 
member, and twenty- four have not yet replied to their notifications. 

Seventeen members were elected fellows, of whom nine have accepted. 

Notices of the death of nine members and fellows were received since 
the meeting of 1875. 

^The discrepancy between the number of meetings and the number of years of exis- 
tencft of the Association is due to the fact that in 1850 and 1851 four meetings were 
held, while firom 1861 to 1885, during the civil war, the meetings were suspended. 

(841) 
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Of the four hundred and sixtj-one names given In the list pnhUshed 
after the flrst meeting of the Association In 1848, only fortj-three now 
remain on the toU of the Association as contlnned from that list. Of 
these, Prof. Jaues BjILL, of Alban;, Is the only original member who has 
retained nnlDtermpted membership from the organizatioD of the Associ- 
ation of American Gleologiata and Naturalists, which Society, in 1848, 
fbrmed the nncleus of the present Association. 

The arraogeroentei made by the Local Committee for the accommodation 
of the Association were most acceptable, and the rooms for offices and 
for the meeting* of tbe several sections in the Cltjr school bnliding were 
all that conld be desired; while the Common Conncll Chamber, In tbe 
new and beantlfal Cltj and Connty bnlldlag, furnished a large hall for the 
general sessions; the onl; drawback being tbe time ioat in going ftom 
the general session each morning to the sections, but It wlU seldom be the 
good fortane of the Association to liave all tbe sessions of a meeting 
nnder one roof. Two general evening sessions were held in St. James' 
Hali for the delivery of the Addresses of tbe President and Vice Presi- 
dents. A parior was also provided bj the I<ocal Committee at tbe Tlfft 
Hoose, where many of the officers and members were qaartered, for a 
general reception room and headqnarters of the Association when not In 
session. Beveral evening meetings of Committees were also held at the 
Tifft Eonse. The rooms of tbe Baflltlo Academy of Natural Sciences 
were kept open thronghoat tbe Weefc iV>r tbe benefit of the Association, 
while the Academy of Fine Arts and the Young Men's Association also 
invited the Association to make ose of their rooms. 

One hundred and forty-seven papers were entered by title. Of these, 
nine were not considered by the Standing Committee for the lack of ab- 
stracts or from the titles being withdrawn by their authors ; fourteen were 
rejected by tbe Committee as being already published, and fbr other rea- 
sons. Of the remainder, thirty-one were referred to Skction A, eighteen 
ta the ScBSEcnoN of Chbmistky, nine to the Subsection of Micros- 
copy, fort^y-sli to Skctios B, and twenty to the Subsbction ov Anthbo. 
FOLOGT. The pecuniary condition of tbe Association being such as to 
demand strict economy, it was determined by the Standing Committee to 
limit the size of the volume of BuSblo Proceedings, hence only those 
papers were considered. In relation to their publication, that were re- 
ceived by the Permanent Secretary within tbe month after adjournment, 
as specified by the rules, general notices requesting the papers of their 
anthors not being sent out as in former years. For the same reason 
very slight appropriations were made for Illustrations, and the Associa- 
tion is indebted to Messrs. Osbom and Blley for those accompanying 
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to dispose of the papers still before the Section. It is believed by those 
who took part in the Anthropological meetings that the interest will 
rapidly increase in this Subsection, and that its fa tare meetings will be 
well supported. 

A Permanent Subsection of Microscopy was organized, and though the 
sessions which it held were in great part devoted to perfecting its organi- 
zation for future meetings, yet several papers were read and a. general 
interest in the objects of the Subsection awakened to such an extent as to 
argue favorably for the next meeting. 

The Permanent Subsection of Chemistry continued its organization 
with increased attendance and interest, and the able opening address of 
its chairman called and retained many attendants from the other sections. 

The Entomological Club of the Association held several meetings dar- 
ing the week, the first being on the afternoon before the Association com- 
menced. This Club is annually increasing in favor with the entomologists 
and calls many persons specially interested in this department to the 
meetings of the Association. 

The Cambridge Entomological Club and the Buffalo Microscopical Club 
each held meetings during the week, to which those members of the 
Association interested were invited. 

The bringing together once a year of all persons interested in the many 
departments of science has always been one of the primary objects of the 
Association, and it is greatly to be hoped that the numerous associations 
and societies of kindred objects with the Amertcan Association for the 
Advancement of Science will realize the advantages to be gained by hav- 
ing one of their meetings held in connection with the Association, and 
thus allow those who would enjoy meeting their colaborers at least once 
a year the opportunity of doing so at the least expense of time, and in 
connection with the liberal arrangements that are always made in behalf 
of the Association by the citizens of the place of meeting. 

The Report of the General Secretary will give the fhrther necessary 
details of the meeting, and it only remains to mention the entertainments 
and excursions so generously extended to the Association. 

Besides, securing reduced rates at the hotels in the city, very many of 
the members, and all of the foreign guests who would accept, were cor- 
dially received at the homes of the citizens of Buffalo, and though very 
little was done in the way of reduced fare over the railroads, the Local 
Committee succeeded in various ways in making the attendance at the 
meeting as little as possible a pecuniary outlay to members of the Asso- 
ciation. 

After the address of President Hilgard, the Association was received 
by the Buffalo Club at an elaborate enteitainment at their Club-house. 
After the addresses of the Vice Presidents an informal reception was 
given by the Academy of Fine Arts at its rooms, and other informal re- 
ceptions were given during the week to small parties of members at the 
hospitable homes of several of the citizens. The officers of the Union 
Iron Company kindly took a number of members to visit their extensive 
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works, and several short excursions were arrang^ed by the citizens for 
members specially interested in various departments. 

On Saturday, by the kindness of W. H. Vanderbilt, Esq., Vice Presi- 
dent of the Central R. R., and under the special charge of Capt. E. P. 
Dorr, an excursion for the Association and its Ariends was given to 
Niagara Falls, where the various places of interest, as Goat Island, Pros- 
pect Park, the Tower, Bridge, etc., were free to the party, while on the 
Canadian side Mr. and Mrs. John T. Bush opened their beautiful grounds 
and hospitable mansion and most generously entertained the large as- 
sembly. 

On the Tuesday following, the citizens of Jamestown received the Asso- 
ciation and a large number of citizens of Buffalo. By the kindness of 
President James W. Scatchbrd a special train was provided for the party 
and, again under the charge of Capt. Dorr of the Local Committee, a suc- 
cessful and interesting excursion was the result. On the arrival of the 
train at Jamestown the party was transferred to the steamer of the same 
name, placed at the disposal of the excursionists by its proprietor, O. E. 
Jambs, Esq., and a beautiful trip on the famous Chautauqua Lake was en- 
joyed. At Lake View the party was hospitably entertained, and late in 
the evening all returned safe to Buffalo. 

On Wednesday afternoon the closing general session was held in the 
Common Council Chamber, and was followed by a ride, in carriages fur- 
nished by the Local Committee, to the large City Park, where a collation 
was provided at the Parade House, and after informal speeches and a 
general social time, the members bade adieu to their kind entertainers, 
and thus closed the last official day of the meeting in Buffalo. 

F. W. Putnam,' 

Permanent Secretary, 
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Thk Association met in the Common Council Chamber of the City 
Building, Buffalo, at 10 A. M., on Wednesday, August 23, 1876, and was 
called to order by the retiring President, Dr. J. E. Hilgard, who, in a few 
appropriate words, resigned the Chair to the President elect, Prof. 
William B. Rogers. 

After the invocation by the Rev. L. Van Bokkklen, Hon. Philip Becker, 
the Mayor of the City, welcomed the Association on behalf of the munici- 
pal authorities of the city of Buffalo in the following words : 

Mr. President and Members of the American Association for the 
Advancement of Science : On behalf of the Municipality of the city of 
Buffalo, I extend to you a friendly welcome, not to you only, but to the 
many distinguished gentlemen who are here fVom foreign lands, to join 
with you In your important work. Although this may be the first visit you 
have made to our city, you are not strangers to us. The fame of many 
of your number in the important department which you represent here, 
has preceded you, and made your names as familiar to us as household 
words. I assure you, we feel highly honored that you selected our fair 
city for this annual meeting of your Association. I hope that you will 
find your stay with us agreeable, and that the hours of relief from your 
labors while here, may be pleasantly spent in visiting the institutions and 
places of interest in the city and its vicinity. Without delaying you 
longer, gentlemen, I again assure you of a hearty and cordial welcome. 

Hon. Sherman S. Rogers then welcomed the Association on behalf of 
the citizens of Buffalo, saying : 

Mr. Chairman: — Permit me on behalf of the good citizens of Buffalo 
to supplement very gladly and cordially the welcome which has been ex- 
tended by the municipal authorities to your honored Association. 

We remember well and with great pleasure your former meeting in this 
city, and we are glad to believe that its memory has still a sweet savor 
among you. 

Sir : If I remember rightly we were indebted for that meeting to the 
enterprise and enthusiasm of our young Society of Natural Sciences — 
which was then barely organized. Your presence here again attests the 
assistance you then rendered the infant institution. In honoring it you 
rendered an important service to us all. And to-day we are proud of that 
young society. It has not prematurely fossilized and we believe that It 
will attest that it does not belong to the order of Ephemera. On the 
contrary it shows an encouraging vitality, and gives promise of a long 
life of usefulness. For this we are largely indebted to you. 
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Sir : We cannot bat feel that the time In some sort adds distinction to 
the honor yon confer by again becoming our gaests, and we remark 'viritli 
pride and pleasure the presence of many distinguished gentlemen flrom 
foreign countries who sustain official relations to the great World's Ex- 
position by which sister nations are with us doing honor to the nation's 
Centennial. 

And now, Mr. President, if the weather as well as the time, be pro- 
pitious, we shall hope that this meeting will be remembered by all with 
even more pleasure than Its predecessor. For It is an open secret that 
this precious week Is not to be wholly Mevoted to Science, and we shall 
need the benediction of firiendly skies to complete our enjoyment. Again, 
sir, the citizens of Buffalo bid you each and all a very hearty and hospit- 
able welcome. 

President Rogers, for the Association, responded as follows : 

» 

On behalf of the Association I thank the honorable gentlemen most 
heartily for their greeting. The American Association being locomotive 
in its character has occasion to test the hospitality and- sympathy of the 
communities through which it moves ; and these have everywhere been 
largely extended to It. 

In return we may claim that its meetings stimulate Inquiry and to a 
certain extent reward research, and that It may justly be recognized as 
an important means of distributing broadly the blessings of progressive 
knowledge. 

Men of science are not only proverbially but practically poor. They 
work not for themselves but for the world, and they rightfully expect the 
helpful hand of the community. 

When I think of Buffalo ninety years ago, with but a single trading 
house on Buffalo creek, and now look upon the magnificent city which has 
been built up, and to the culture of the inhabitants and their manifest in- 
terest in scientific as weH as artistic pursuits, I feel that there is some- 
thing in the spirit that has been here displayed which is magnificently 
characteristic of American thought and enterprise. 

I can, therefore, appeal with confidence to the people of this city to give 
a hearty support to their scientific and kindred institutions ; and aniong 
these I would especially commend the "Buffalo Society of Natural Sci- 
ences," which, although a comparatively young society, has by Its contri- 
butions to science made itself favorably known on both sides of the At- 
lantic, and reflected honor on Its members and the community In which it 
is sustained. 

The work of the Association Is unostentatious, and In a large measure 
withdrawn from merely popular themes, but there Is always so much of 
generalized thought, apart from scientific details^ in our discussions, that 
we may hope that the gentlemen and ladies attending them will find their 
Interest unabated as the meetings progress; and we now most gladly 
welcome to our sessions all who may be disposed to attend. 
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The Permanent Secretary read notices of nine members and fellows 
deceased since' the last annual meeting. 

Dr. Leyerett Bradley died suddenly in Jersey City, N. J., on Sept. 
6tli, 1875, in the 77th year of his age. Joined the Association at the 15th 
meeting. 

Prof. Samuel D. Tillman died in Jersey City, N. J., Sept. 4th, 1876, 
In his 63d year. Joined at the 15th meeting. 

William E. Dogoett, of Chicago, HI., died in Falatka, Fla., April 8d, 
1876. Joined at the 17th meeting. 

Ebenezer Hancb, of Fallsington, Fenn., died April 7th, 1876, in his 
81st year. Joined at the 7th meeting. 

Increase A. Lapham was born in Falmyra, K. Y., March 7th, 1811, and 
died Sept. 14th, 1875. Joined at the Sd meeting. 

Harvey S. Senter, of Aledo, 111., died March, 1875. Joined at the 20th 
meeting. 

Dr. Lewis Feuchtwanger, of New York, died June 25th, 1876. Joined 
at the 11th meeting. 

Jacob Fainter, of Lima, Fenn., died 1876. Joined at the 28d meeting. 

Col. Samuel Stone, of Chicago, 111. Died May 4, 1876. Joined at the 
17th meeting. 

The General Secretary announced the number of papers to be pre- 
sented to the various sections received up to that hour ; also a list of 
sixty-one candidates for membership, recommended by the Standing 
Committee, who were then duly elected. 

The Association proceeded to the election of six Fellows as mem- 
bers- at-large of the Standing Committee. The election resulted in the 
selection of Professors Geo. F. Barker, A. B. Grote, Simon Newcomb, 
Alexander Winchell, F. W. Clarke, and Hon. L. H. Morgan. 

The following invitations to hold the next annual meeting at Nashville, 
Tenn., at Atlanta, Ga., and at St. Louis, Mo., were read by the Feb- 
manent Secretary and referred to the Nominating Committee. 

Executive Office, > 

Nashville, Tenn., August 7th, 1876. 5 

Whereas, At a meeting of the American Association for the Advance- 
ment of Science held at Newport, August, 1860, an invitation was accepted 
to hold its next annual meeting at Nashville, Tenn. ; and, whereas said 
meeting was prevented from being held by hindrances of Civil War, now 
then, we the undersigned, citizens of Nashville and of Tennessee, do 
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respectftiUy and cordially invite the said great National Association to 
hold its next meeting in the Capital of Tennessee. We pledge our earnest 
endeavors to make the meeting here in every way a success. 



Signed by << 



James D. Porter, Governor of Tennessee. 

Charles N. Gibbs, Secretary of State. 

Jas. L. Gaines, Comptroller. 

W. Morrow, Treasurer. 

Leon Trousdale, State Supt. Public Instruction. 

W. R. Hambt, Adjutant General. 

J. B. Killebrew, Com*r Agricultural Statistics and Mines. 

J. M. Safford, State Geologist. 

Edwin H. Ewing, Pres. Board of Trus. TJniver. of Nashville. 

Eben S. Stearns, Chancellor University of Nashville. 

H. N. McTyeirb, Pres. Board Trust. Vanderbilt University. 

L. C. Garland, Chancellor Vanderbilt University. 

Thos. a. Kercheval, Mayor of Nashville. 

E. W. Cole, Pres. N. C. & St. Louis Bailway Co. 

C. M, McGhee, Vice President E. T. V. & Ga. B. B. Co. 

E. D. Standiford, President ofL. & N. d G't S. B. B. Co. 

J. G. M. Ramsey, M. D., Pres. Tenn. Historical Society. 

N. T. LuPTON, Fellow Am. Assoc. Adv. of Science. 

J. Berrien Lindsley, Fellow A. A. A. S. 



Mayor's Office, 
City Hall, Atlanta, Ga., August 6th, 18 



76.) 



Prof. F. W. Putnam, 



Permanent Secretary of the A. A. A. S. 

Sir : At a meeting of the Mayor and General Council of this city, held 
this day, the following resolution was unanimously adopted. 

Whereas, the American Association for the Advancement of Science, 
by its annual meetings for twenty-five years in the various cities of our 
country has done much to disseminate useful information, and has in- 
creased the Interest In scientific pursuits and the practical applications of 
the teachings of science to the affairs of dally life; and, whereas, our 
sister city of Charleston, S. C, has thus far been alone favored in all the 
South by the presence of this large body of able men ; 

Besolvedy that we do hereby tender to the Association a cordial invita- 
tion to hold its next annual session in Atlanta, Georgia. 

C. C. Hammock, 
Mayor. 
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Atlanta, Ga., August 11, 1876. 
Prof. F. W. Putnam, 

Permanent Secretary A. A, A. S. 

Sir : — The undersigned, citizens of the state of Georgia, representing 
the various interests of her people, having learned that there is a possi- 
bility of securing the next annual meeting of your Association in this 
city, and believing that such meeting would result in great benefit to the 
people of our whole state, and that it will afford them pleasure to enter- 
tain so learned and distinguished guests, do earnestly request your body 
to accept the invitation of our City Council. 



James M. Smith, Governor, 

N. C. Barnett, Secretary of State, 

N. J. Hammond, Attorney General. 

W, L. Goldsmith, Compt. General. 

GusTAVUs J. Orr, State School Commissioner. 

Thomas P. Janes, Commissioner of Agriculture. 

J. W. Rknfrob, State Treasurer. 

Joseph E. Brown. 

John B. Peck. 

F. M. CoKER, Pres. Bank of State of Georgia. 

V. R. ToMMEY, Pres. Georgia Banking and Trust Co. 

Wm. Phillips, Pres. M. d N. G. B. B. 

George Little, State Geologist. 

E. L. Jones, Pres. Georgia National Bank. 

Campbell Wallace, President State National Bank. 

Perino Brown, Cashier Citizen's Bank. 



Signed by - 



J 



Chamber of Commerce, 
Atlanta, Ga., Aug. It), 1876. 
Prof. F. W. Putnam, 

Permanent Secretary A. A. A. S. 
Sir. — "W'e, the Board of Trade of Atlanta, Ga., do most heartily unite 
in the invitation of the Mayor and Council of this city, to your Associa- 
tion to hold your next annual meeting in their midst, assuring you of a 
warm reception by our people and of our own efforts to make your visit 

comfortable and agreeable. 

Bbnj. E Crane, 

Pres. Atlanta Chamber Commerce. 



Mayor's Office, St. Louis, August 8, 1876. 
Prof. F. W. Putnam, 

Permanent Secretary of the A. A. A. S. 
Dear Sir : — Referring to the approaching session of your Association, 
I beg respectfully to suggest the city of St. Louis as a fitting place for the 
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next annual meeting. Onr citizens generally Mly recognize the national 
importance of the Association, and will appreciate the honor of having its 
next session held within our limits. 

I make this suggestion because several of our sister cities have been 
honored in this way, and it seems appropriate that the leading metropolis 
of the West should participate in a similar distinction. Under the re- 
strictions of our charter I am unable to tender any specific l^ospitality on 
behalf of the city, but I can assure you of the deep interest taken by our 
people in the elevated objects of the Association, and of the hearty wel- 
come they will extend to its members. 

Respectfully, 

H. OVBRSTOLZ, 

Mayor. 



St. Louis, Mo., August 3, 1876. 
Prop. F. W. Putnam, 

Fermanent Secretary A. A. A, S, 

My Dear Sir: — With a ftiU appreciation of the importance of the 
American Association for the Advancement of Science, and with an 
earnest desire to have its influence felt in this great metropolis of the 
Mississippi Valley, I herewith, on behalf of the Academy of Science of 
St. Louis, cordially invite the Association to hold its next annual meeting 
in the city of St. Louis. We have not, thus far, as have several of our 
sister cities of this great valley, been honored by having the Association 
meet with us, and I am confident that our citizens will welcome you with 
the pleasure and heartiness that attend all rare and long looked for visits. 
From expressions of prominent citizens, and of members of the Academy, 
I can promise you that all will be done within our power, to make the 
session of the Association, if held here, in 1877, both pleasant and profit- 
able. 

Tours, truly, 

C. V. BiLET, 

President Ac. Sc. St. Louis. 



St. Louis, August 11, 1876. 
Prop. F. W. Putnam, 

Secretary of the A. A. A. S. 

Sir: — The proceedings of your Association have Justly awakened a 
national interest in its objects. Its meeting in this city is greatly desired. 
As the President of the Missouri Historical Society of St. Louis, I re- 
spectfully present the cordial request of this Society, that the next 
meeting of your Association be held in this city. Its members will 
receive a most hospitable and congenial welcome, and the Association 
will secure to it hosts of worthy, useftil, and permanent ftiends. 

Very respectftiUy, your obedient servant, 

James G. BAUKi'fd 



'J. 
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State of Missouri, Executivk Department. > 
City of Jefferson, August 14, 1876. 5 

F. W. Putnam, Esq., 

Secretary A. A. A. S, 

Sir : — In view of the high estimation in which we hold the American 
Association for the Advancement of Science, and of the great good which 
doubtless is disseminated by it in communities in which its annual meet- 
ings are held, we have to request that its next annual meeting be held at 
the city of St. Louis, where I am sure every hospitality and kindness will 
be extended to the individual members of the Association, and where the 
ability, talents and learning of the body will be as greatly enjoyed and 
appreciated as anywhere. 

Trusting that your Association will grant this request, and that your 
approaching session will be one of especial benefit to the members and 
the country, 

I have the honor to be, very respectfully, your ob*t servant, 

C. H. Hardin. 



The General Secretary presented the recommendation of the Standing 
Committee, that the morning sessions should close at 12.30 P. M., and the 
afternoon sessions begin at 2.30 P. M., which was adopted. 

The Standing Committee also recommended that the addresses of Vice 
President Young and Vice President Morse be delivered at St. James' 
Hall, this evening, beginning at 7.30 o*clocls. 

An invitation was received and accepted, to visit the rooms of the 
Buffalo Academy of Fine Arts at 9 o'clocls this evening. 

Announcements as to the places provided for the meeting of the several 
Sections of the Association were made, and the Association adjourned for 
the organization of Sections. 

At 2.30 P. M., the Association met In Sections. Section A met in room 
No. 16 Central School. It was called to order by Vice President C. A. 
Young, Chairman. Secretary, Prof. Arthur W. Wright. 

The organization was completed by the selection for Sectional Commit- 
tee, Prof. H. T. Eddy, Prof. Simon Newcomb, Dr. R. H. Ward ; and for 
members of the Nominating Committee, Profs. E. N. Horsford, S. A. 
Lattimore, H. B. Nason, N. T. Lupton. 

Section B met in Room No. 17 Central School. Vice President ' 
Edward S. Morse in the Chair. Secretary, Prof. Albert H. Tuttle. 

The organization was completed by the selection of a Sectional Com- 
mittee consisting of Mr. W. H. Dall, Dr. Burt G. Wilder and Rev. J. 
G. Morris, and for members of the Nominating Committee, Dr. H. 
Wheatland, Prof. W. C. Kerr, Prof, George Little, Dr. J. A. Walker. 
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Fbrmansnt Subsection C met in Boom Ko. 15 Central School, with 
Prof. Geo. F. Barker, Chairman, and Dr. H. C. Bolton as Secretary. 

Permanent Subsection D met in room No. II Central School, with 
Hon. L H. Morgan, Chairman, and Prof. Otis T. Mason as Secretary. 

The address of Professor Barker, Chairman of Subsection C, was 
delivered in the room occupied by Section A, immediately following the 
organization and adjournment of that Section. 

In the evening the Association listened to the addresses of Vice President 
Young of Section A, and Vice President Morse of Section B, at St. James' 
Hall. 

The Second Day's Session opened in the Council Chamber, at 10.30 A. M. 

President Rogers read the following names of savants from foreign 
countries in attendance at the meetings of the Association : Dr. Otto M. 
TORELL, Stockholm ; Dr. E. H. von Baumhauer, Haarlem ; Dr. E. M. von 
Baumhauer, Haarlem; Dr. Josua Lindahl, Lund; Dr. Theoi>ob 
Nordstrom, Stoclsholm ; Emil Brugsch, Cairo, A. Daninos, Cairo, Prof. 
Behmer, Cairo, William Sagel, Vienna; Dr. H. Fraubergbr, Briinn; 
Dr. Ernst Flbischl, Vienna; Alessandro Castellani, Rome; Dr. Hugo 
Hamberg, Upsala ; Dr. Rudolph Koenig, Paris. 

These gentlemen were invited to enroll themselves as members of the 
Association, and the President extended to them a hearty welcome to its 
sessions. 

Attention was called to a Memorial Case deposited in the Office of the 
Superintendent of Education by Mr. Julius E. Francis. 

The President presented to the Association a large volume containing a 
valuable part of the work of the distinguished Paleontologist Prof. 
James Hall of Albany, and expressed the indebtedness of the Association 
to Hon. Nelson K. Hopkins of Buffalo, for his influence, while State Comp- 
troller, in procuring its publication. 

The General Secretary read a list of twenty-five candidates for mem- 
bership recommended by the Standing Committee, and they were elected 
by the Association. 

The matter of plage of meeting for general sessions during the remainder 
of the meeting was referred to the Standing Committee with power to 
act. 

Invitations were received to visit the works of the Union Iron Company, 
and also the Library of the Young Men's Association. 

The Association then adjourned to meet In Sections. 

The Third Day's Session opened in the Council Chamber, at 10.30 A. M. 
Upon recommendation of the Standing Committee twenty-eight persons 
were elected members. 

Dr. F. A. P. Barnard ftom the Committee on Weights, Measures 
and Coinage, submitted a partial report with the request that the remain- 
der of the report might be postponed until Monday. 



REPORT OF GENERAL SECRETARY. 353 



• 



President Rogers introduced Professor Huxley to the Association. 

In response Mr. Huxley said : Mr. President, and Ladies and Gentlemen 
of the Amemcan Association for the Advancement of Science : — Permit me 
in the first place, to ofTer you my most hearty thanks for your exceedingly 
cordial, I will not say unexpected, welcome, because everything I have 
experienced in America since my landing has been something of this kind. 
But I thank you, for this very cordial and hearty welcome ; words are in- 
adequate to express how much I feel on this occasion. I am not by 
nature a man of many words, and have thought the highest eloquence 
was in condensing what one has to say, but I beg you to believe that my . 
few and simple words on this occasion represent an emotion difficult to 
express. I have no scientific matter to speak of, and am quite unpre- 
pared to occupy your attention oft such an occasion as this. Since my 
arrival in America, I have discovered that the great instinct of curiosity 
is not altogether undeveloped among you. I experienced something of 
this soon after landing by being iyterviewed by two active and intelligent 
members of j^our press. They were good enough to put before me a 
series of questions on matters of professional interest, either of which 
would have required a treatise to answer, so I was obliged to dismiss 
them with very slight satisfaction. [Laughter.] 

I will state some few of the most salient impressions which have been 
made on me since my arrival. 1 have learned many things, and various 
things. In England we hear and read of America, and have our occa- 
sional controversies with her, but no Englishman who has not had the 
good fortune to visit this country, can form a real idea of what that word 
America means. We have no adequate idea of the extent of your country, 
its enormous resources, the distances from centre to centre of population, 
and we least of all understand the great basis of character which sprung 
from the other side of the Atlantic. A friend of mine in England went 
abroad for the purpose of seeing foreign countries, and came to America, 
but while here he said he could not find that he was abroad. Everything 
here was so English. The scenes which I have witnessed during my 
travels through your country are like those which we are familiar with in 
parts of England, and parts of Scotland. Your beautiful river Hudson 
reminds me more of a Scotch lake than anything else. 

I have heard a great deal from your own writers about the degeneracy 
of the present American stock from the primitive English type. The late 
Nathaniel, Hawthorne used an expression which rather rubbed us ; he 
spoke of the distinction between English and American women, and told 
us English women were rather too beefy. Now that was his expression, 
not mine. [Laughter.] I confess the signs of the modifications of type 
spoken of do not strike me. The main difference between you and us 
seems to be one of shading only. As to stature, your men have rather 
the best of ours. In regard to the stature of ladies I cannot find much 
diff'erence, and for fine, matronly forms, the average is as great here as 
on the other side. There has been some talk of the influence of your 
climate carrying you back to the North American type. I cannot say that 

A. A. A. S» VOL. XXY. 23 
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I can see any signs of that, nnless it be in the development of that virtue 
of hospitality which prevails among all savages. I have visited your 
wigwams — and they are pretty good wigwams too. Yon entertain us 
with your best, and not only give us a good dinner, bat are not quite 
happy unless we take the spoons and plates away with us I [Laughter.] 

Another feature I have observed which fills me with a certain amount 
of shame, when I think of what is going on in our country. I have 
visited your great universities of Yale and Harvard, and have seen how 
your wealthy men contribute to scientific institutions in a way to which 
we are totally unaccustomed in England. The general notion of an Eng- 
lishman who becomes rich is to buy an estate and found a family. The 
general notion of an American who becomes rich is to do something for 
the benefit of the people and to found an institution whose benefit shall 
.flow to all. I need hardly say which I regard the noblest of these two. 

It is commonly said there are no antiquities in America, and you have 
to come to the old world to see the past. That may be, so far as regards 
the trumpery of three or four thousand years of human history. But, in the 
larger sense, America is the country to study antiquity. I confess that 
the reality somewhat exceeded my expectations. It was my great good 
fortune to study in New Haven, the excellent collection made by my good 
friend. Professor Marsh. There does not exist in Europe anything ap- 
proaching it, as regards extent, and the geological time it covers, and the 
light it throws on the wonderful problem of evolution, which has been so 
ably discussed before you by Prof. Morse, and which has occupied so 
much attention since Darwin's great work on species. Before the gather- 
ing of such materials as those to which I refer, evolution was more a 
matter of speculation and argument, though we who adhered to the doc- 
trine had good grounds for our belief. Now things are changed, and it 
Jaas become a matter of fact and history. The history of evolution as a 
matter of fact, is now distinctly traceable. We know it has happened, 
and what remains for discussion is the subordinate question of how it 
happened. 

I presume you will excuse me if I find nothing more to say except to 
give you these rough ideas of my impressions about your country. I 
would have willingly offered you something more suitable for your atten- 
tion. I wish you all good speed, and that this Association like its sister 
in Great Britain will sow the seeds of scientific inquiry in all the towns it 
visits, and thus help on the great work. I now again thank you for your 
excessive courtesy, for your afiectlonate reception of me, and now wish 
you good-bye. 

Dr. F. a. p. Barnard made a verbal report ftom the CoMMrrrEE to 
Memorialize thb Legislature of New York for a New Survey of 
Niagara Falls, and it was voted that the Committee be continued. 

Dr. J. L. LeConte made a partial report ftom the Committee on Prin- 
ciples OF Nomenclature. The report was referred to the Standing 
Committee for consideration. 



REPORT OF GENERAL SECRETARY. 855 

The Committeb on Preservation of Forests was contlnaed. 

The following resolation ft'om the Standing Committee was adopted. 

Besolved, That a Committee of the Association be appointed to con- 
sider the propriety of holding an International Congress of Geologists 
at Paris during the International Exhibition of 1878, for the purpose of 
getting. together comparative collections, maps and sections, and for the 
settling of many obscure points relating to geological classification and 
nomenclature, and that to this committee be added our guests Dr. Otto 
Torell of Sweden and Dr. E. H. von BAOMHAnsR of the Netherlands, 
who shall be requested to open negotiations in Europe looking to a ftiU 
representation of European geologists at the proposed congress; the 
said Committee to consist of Prof. Wm. B. Rogers, Jambs Hall, J. W. 
Dawson, J. S. Newberry, T. Sterry Hunt, C. H. Hitchcock, and R. 
Pumpelly, in behalf of the Association, with the addition of Dr. Otto 
Torell and Dr. E. H. von Baumhauer. 

After some announcements by the Local Cobimitteb, the Association 
adjourned to meet In sections. 

No meeting of the Association was held on Saturday, the day being 
occupied by an excursion td Niagara Falls. 

The Fourth Day's session was held in the room occupied at previous 
meetings, being called to order at 10.30 A. M. 

Fourteen persons were, on recommendation of the Standing Commit- 
tee, elected to membership. 

Seventeen members were recommended by the Standing Committee 
for election as Fellows of the Association, and upon a ballot being taken 
they were all duly elected. 

Prof. F. A. P. Barnard from the Committee on Weights and Meas- 
ures, presented the remainder of the report of that Committee, the first 
part of which had been given in general session on Friday. 

The report was referred to the Standing Committee with instructions 
to make such modifications and disposition of it as the Committee saw fit. 
(The full report is printed In another part of this volume.) 

On motion of Dr. Barnard, the title of the Committee was changed to 
read *• Permanent Committee on Weights, Measures and Coinage;** 
and it was also voted that the President be authorized to fill any vacancy 
which has occurred in said Committee. 

Prof. Joseph Henry presented to the Association the last publication 
of the Smithsonian Institution, pertaining to the Meteorology of the Con- 
tinent. He accompanied the presentation with some remarks upon the 
career and condition of the Institution and the service it had been to 
spience and men of science In this country. He also referred to the pleas- 
ure and gratification he experienced in being able to meet with the Asso- 
elation, and of the opportunity he had enjoyed of mingling once more 
with respected and cherlslied friends. 

On motion of Prof. Hinrichs a vote of thanks was tendered to Prof 
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Hrnry as secretary of the Smithsonian Institution for the courtesy al- 
ways extended by it to the students of science. 

On recommendation of the Standing Committee, t*rof. Huxley iras 
added to the International Committee on the International Geological 
Congress. 

The Pehmanent Skcretart annonnced arrangements made by the 
Union Iron Works to convey any members who might wish to visit 
their establishment to the worlvs, starting at 1.30 P. M. Also an invitation 
to visit the rooms of the Historical Society. 

The General Secretary announced that the Standing Committee 
recommended tliat the invitation to hold the next meeting of tlie Associa- 
tion in Nashville, Tenn., be accepted; also, tliat the Committee recom- 
mended the selection of the following named gentlemen as officers of the 
Association for the ensuing year. 

President, Simon Newcomb, of Washington, D. C. 
Vice President, Section A, E. C. Pickering, of Boston. 
Vice President, Section B, O. C. Marsh, of New Haven. 
General Secretary, A. K. Grote, of Buffalo. 
Secretary of Section A, H. C. Bolton, of New York. 
Secretary of Section B, W. H. Dall, of Washington, D. C. 
Treasurer, W. S. Vaux, of Philadelphia. 

* The Association adjourned to meet in Sections, and again in General 
Session on Wednesday at 2.30 P. M. 

There was no meeting of the Association on Tuesday, the day being 
devoted to an excursion to Chautauqua Lake. 

The Fifth Day's Session convened in the Council Chamber of the City 
Hall at 2.30 P. M. . 

Eighteen persons, on recommendation of the Standing Committee, 
were elected members of the Association. 

President Kogehs introduced to the Association Sir Redmond Barry 
of Melbourne, Australia, who in response expressed regret at not being 
able to attend the convention at an earlier period in its session, and the 
gratification he had experienced during his stay in this country in wit- 
nessing the great scientific and intellectual activity which prevails every- 
where. 

Mr. William Sagel of the Austrian Commission to the International 
Exhibition was also introduced and responded briefly. 

On the recommendation of the Standing Committee the Report of the 
Committee on Weights, Measures and Coinage, as read at a previous 
session, with its accompanying resolutions, was adopted as the sense of 
the Association. 

The Permanent Secretary was authorized to cast the ballot of the 
Association for the election of officers for the ensuing year, which resulted 
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in the election of the following officers previously recommended by the 
Standing Committee. 

President^ Simon Newcomb, of Washington, D. C. 
Vice President, Sec. A, E. C. Pickering, of Boston, Mass. 
Vice President Sec. B, 0. C. Maksh, of New Haven, Conn. 
General Secretary, A. R. Grote, of Buffalo, N. Y. 
Secretary Sec. A, H. C. Bolton, of New York. 
Secretary Sec. B, W H. Dall, of Washington, D. C. 
Treasurer, W. S. Vaux, of Philadelphia, Pa. 

The recommendation of the Standing Committee that the next meeting 
of the Association should be held at Nashville, Tennessee, beginning on 
Wednesday, August Twenty-ninth, 1377, was adopted. 

The Permanent Secretary offered the foUpwiug resolution, which 
was adopted : 

Pesolved, That the thanks of the Association be tendered to the dis- 
tinguished citizens of Atlanta, Ga., and of St. Louis, Mo., for their cordial 
invitations to hold the next meeting of the Association in those cities, 
and although unable to accept eitiier of these invitations for 1877, the 
Association hopes at some future time to be able to hold meetings in the 
places named. 

President Rogers communicated to the Association the fact that Gen. 
Comstock, U. S. a., commanding the Survey on the Western Lakes, had 
presented to the Association, through Prof. F. A. P. Barnard, a copy of 
the last Government map issued by said Survey. 

The following resolutions were read by the Gisneral Secretary and 
adopted by the Association : 

Besolved, That the thank^ of the Association be tendered to the citizens 
of Buffalo, as represented by their City Government, by the Buffalo So- 
ciety of Natural Sciences, the Board of Trade, the Young Men's Associa- 
tion and the Buffalo Historical Society, for having invited the Association 
to visit Buffalo, and fbr the numerous courtesies extended to it during its 
present meeting. 

Seconded by Major J. W. Powell. 

Besolved, That this Association offer to the citizens of Buffalo their 
congratulations upon the possession in their midst of so efficient, so 
courteous and so agreeable gentlemen as those comprising the Local 
Committee which has had charge of this most successful meeting; and 
that we hereby tender to this Committee our sincere thanks for their 
kindness and attention throughout our meeting. 

Seconded by Dr. Le Conte. 

After the adoption of this resolution Hon. Geo. W. Clinton, LL. D. , 
Chairman of the Local Committee, addressed the Association as follows :. 
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Mr, PreHdent, and LadUs and Gentlemen of the Association : Fortu- 
nately for you I come utterly nnprepared to try to express at any length 
the pleasure, the pride, with which I have listened to the resolutions 
unanimously adopted. But something will bubble up to show how grate- 
ta\ I am. Were I to express the ftiUness of my gratitude, you would not 
adjourn until the sun had gone down into the west. Buffalo Is proud that 
you have been her guests. Of all the glories of the centennial year, she 
will count as first the honor you have done her in assembling here. Our 
citizens will through their lives turn back to this meeting as ftiU of pleas- 
ure and profit. I do not represent the city of Buffalo, but if the people 
of Buffalo were to instruct me to speak for them, they would instruct me 
to say something like this : We thank the Association, its members, each 
ond all, for giving us the great pleasure of their social converse, and the 
pleasure of having seen so many men and ladles distinguished for their 
learning and goodness. They would say thank you that some of your 
scientific men have brought with you your wives, daughters, sisters — I 
might say to some of the younger ones, your sweethearts. If there is 
anything that is glorious and blest, it is a pure and charming woman. 
We have heard of a war between science and religion. You in the mass 
of knowledge you have spread before us, by all your conduct and teach- 
ing, have confirmed in us the firm belief that there is not, that there 
never has been, and never can be war between these two. There has 
been strife between science and bigots, there never can be between Chris- 
tianity and science. They are parallel lines and cannot intersect each 
other. Science is glorious, but it is cold, icy in itself because it is purely 
reason. Have we not had sad experience that while the intellect may be 
exalted to the stars, the soul may grovel in the mire. Religion rests 
upon faith. It elevates us into adoration of the ineffable God our creator, 
our benefactor. If we were to make the choice there is I believe not a 
man here, surely not a woman, but would deem it better to have the 
ineffable charity which induced Philip Sidney instead of quenching his 
dying thirst to pass the cup of water to the wounded soldier,— better that 
charity than all the laurels science can offer. 

Let me thank you for this : By putting the seal of your approbation 
upon our humble society you have inexpressibly strengthened it, and I 
now feel more sure than before that it will live, that Buffalo will continue 
to count it among her honors and will never let it die. We cannot 
monopolize you, but we do implore you that at the earliest opportunity 
you will renew, this honor and pleasure so beautifully conferred by you 
ppon our city. 

Beeolved, That this Association hereby expresses its sincere thanks to 
the Mayor and Common Council of the City of Buffalo, for the varied 
courtesies extended to us during the present meeting, especially for the 
use of their new and elegant Common Council Chamber, in which the 
General Sessions have been held, of the Central School in which the sec- 
tions have met, and of the Mayor's Office. 

Seconded by Prof. E. T. Cox. 
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Besolvedj That the admirable success of the excursions made by this 
Association to Niagara Falls and to Chautauqua Lake, is a most direct 
evidence of the present existence of man upon the earth. That the evi- 
dence before us proves this man to be possessed of energy, tact, and 
address of a superior order, joined to high moral qualities. That the 
discovery of this man at Buffalo this Association regards as one of its 
highest scientific achievements, and that consequently to Capt. E. P. 
Dorr, the Association desires to present its heartiest thanks, for the ex- 
cursions above mentioned. 

Seconded by Prof. Geo. F. Barker. 

Hesolved, That the thanks of the Association be tendered to Mr. W. H. 
Vandkrbilt; Mr. John T. Bush ; the proprietors of Goat Island and Pros- 
pect Park ; and to the Niagara Falls Suspension Bridge Company, for the 
excursion to the Falls, and the generous entertainment there. 

Seconded by Prof. £. S. Morse. 

Besolved, That the thanks of the Association be tendered to the Di- 
rectors, with the President, I. N. Scatchart, and the Superintendent, 
P. C. DoYLB, of the Buffalo and Jamestown R. R. ; to O. £. Jones, Pro- 
prietor ; and T. £. Grandin, Captain of the steamer Jamestown ; to Gov. 
Fbnton, Judge Marvin, Dr. J. Henry Rathbonb (for the citizens of 
Jamestown) and the proprietors of the Kent House, for the very agreeable 
excursion on Chautauqua Lake with which they entertained the Associa- 
tion. 

Seconded by Prof. Simon Newcomb. 

Resolved, That our thanks be presented to the « Buflklo Club " for the 
generous and elegant reception given by Its members to the members of 
the Association, enlivened as it was by music and dancing, and made 
resplendent with the beauty and intellect of Buffalo. 

Seconded by Prof. C. V. Riley. 

Hesolvedt That the thanks of the Association be tendered to the Buffalo 
Fine. Arts Academy for the agreeable reception given it during the present 
meeting, and for the invitation extended it to visit their gallery. 

Seconded by Prof. H. B. Nason. 

Besolvedf That the thanks of the Association be given to those citizens 
of Buffalo who have opened their houses with unbounded hospitality for 
the private entertainment of the members, allowing them for a season to 
share in the pleasure of their refined and beautiful homes. 

Seconded by Prof. Joseph Lovering. 

Besolved, That the thanks of the Association be tendered to the Presi- 
dent and officers of the Union Iron .Company for the invitation to visit 
their works and for the courtesies extended to such members of the Asso< 
elation as were able to accept the invitation. 

Seconded by the Rev. Dr. Dalrymfle. 
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Resolved, That the thanks of the Association be given to the Officers of 
the Lehigh Valley and North Pa. R. R., the Erie Railway, the Lake Shore 
Railroad, and the New York Central Railroad, for the favors extended to 
the members, in attending the meeting and visiting Philadelphia. 

Seconded by Prof. W. H. Ceiaxdler. 

Resolved, That the thanks of the Association be given to the repre- 
sentatives of the press, and especially to the proprietors of the Buffalo 
Dally Courier, for the energy, promptness and fidelity which they have 
exhibited in bringing the doings of the Association to the notice of the 
public. 

Seconded by Prof. H. C. Bolton. 

Resolved, That the thanks of the Association be presented to the officers 
who have conducted the General and Sectional Sessions of the present 
meeting to so successful an Issue, especially to our President, Prof. 
William B. Rogers, of Boston. 

Seconded by Prof. F. W. Clarke. 

After the passage of these resolutions Capt. Dorr, from the Local 
Committee, announced that arrangements had been made for the members 
of the Association to visit the various City Parks, immediately after ad- 
journment, upon which Dr. Le Conte offered the following resolution 
'Which was adopted. 

Resolved, That in accepting the invitation to visit the City Parks, the 
Association renews Its thanks for the continued evidences of the bound- 
less hospitality of the people of Buffalo. 

The business of the Twenty-fifth meeting of the Association having 
been concluded President Rogers, after some valedictory remarks, de- 
clared the Association adjourned to meet in Nashville, Tenn., on Wednes- 
day, August 29, 1877. 

T. C. MENDENHALL, 

General Secretary. 
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REPORT OF THE PERMANENT SECRETARY. 

The following cash account embraces the period from August 4, 1876, 
to August 18, 1876, including the Detroit Meeting, and closing just prior 
to that of Buffalo. It will be noticed that though there were no extraor- 
dinary expenses during the year, the receipts were not sufladent to meet 
the cost of printing the volume of Proceedings and the other expenses of 
the Association within ^823.44, which, added to the outstanding debt, of 
$187.25, leaves the Association in debt to the amount of $960.69, at this 
date. It will, therefore, be necessary to practice economy at the coming 
meeting, especially in regard to printing. - The Permanent Secretary has 
continued to employ, at his expense, an assistant at the office of the 
Association at Salem, and, as stated in the last Report, the numerous 
details to be attended to renders it necessary that the time of one person 
should be exclusively devoted to the work. 

Fifty dollars have been added to the Life Membership Fund during the 
year, and this fund now amounts, with accrued interest at date, to $242.92. 
The Treasurer reports that the Permanent Fund in his possession, with 
accrued interest, amounts, at date, to $1,718.93. 

The Property of the Association now consists of the following : 

Funds in hands of Treasurer $1,718 93 

Life Membership Fund, temporarily invested by Perm. Sec 242 92 



$1,961 85 
About 10,000 copies of the several volumes of Proceedings. 
About 600 copies of the first number of the Memoirs. 

About 1,500 volumes, parts of volumes, and pamplilets, belonging to the Library. 
The indebtedness is only to the Permanent Secretary, as above stated. 



Salem, August 4, 1876. 



F. W. Putnam, 

PermanerU Secretary, 
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STOCK ACCOUNT OP THE PERMANENT SECRETARY. 

Since the account printed in the Detroit volnme, and dated Jane 2, 1876, 
996 copies of the Detroit volume were received from the printer, on July 
20, and the following have been distributed \ — To members, 662 copies of 
the Detroit volume and 19 of other volumes; by vote of the Standing 
Committee, 148 Detroit, and 74 other volumes; and 26 Detroit and 132 
other volumes have been sold.. 

Of the Memoirs, 6 copies have been sold and 11 have been distributed 
by vote of the Standing Committee. 

In the Detroit volume it was stated that a catalogue of the Library of 
the Association would be published as soon as advantage could be taken 
of the general catalogue of similar publications in the libraries of Boston 
and vicinity. This general catalogue is now being printed, and as soon 
as accessible the Association catalogue will be published. The im- 
portance of having the Association catalogue correspond with the gen- 
eral catalogue, the saving of expense to the Association, and the great 
benefit to be derived from the labors of the careful compiler of the 
general catalogue, are so evident as to render the present delay of 
publication of little moment; though the requests from members for a 
catalogue shows the desirability of its being printed as soon as circum- 
stances will allow. 

F. W. Putnam, 

Permanent Secretary, 
Salem, May 1, 1877. 
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